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™>awc;rFNIC NON-HUMAN ANIMALS CAPABLE 
S^Sr^S HETEPOT OGOTTS ft NTT BODIES 
5 — " " 

I ™ it ^,ve„ t ion relates to transgenic non-human animals 
capable o£ producing heterologous antibodies. *™»~ U " d 
l0 To produce such transgenic animals, ^ * 

15 production - 

tmrvrPOTTND OF T WT? TNVENTION - 

B*™ 1 te^hT^oTImpediments facing the 
in vi vo applications for monoclonal antibodies in humans „ 
2 0 in^sic Lunogenicity of non-human immunoglobulins 

P-atlents respond to therapeutic doses of roden monoclonal 
antibodies by maKin, antibodies against the ™ dent 
i„lobuUn seguences. These human an tl -mou se antibod 
KAMA, neutralize the therapeutic antibod.es and can cause 
. Vi,v The HAMA response is less dramatic in 
25 acute toxicity. The HAMA * lntrins ic immunogenicity 

i—eficient patient *■ . ^ ^ 

has not f"™*- * ^ uhich solves the temporary 
the treatment of graft rejecti"! , 

Attenuation of the patient's immune response. Rodent 
a " fr , r treat inq certain lymphomas 

30 antibodies may also be usefu! or treat, , eficient 
fhaV involve immunodeficiencies. However, 

that involve response which leads to a reduction 

patients can mount a HAMA respond 

" SafetY r ^rtechnoiogy for generate monoclona! 

35 antibodies invoives P-^ 1 "' J^/^^ leads 
usually a rat or mouse, w>t an . e . T 
to the formation of splenic B cells tn 

molecules with high affinity for the antigen pi = * 
from a primed animal are then fused with myeloma celis .o 
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5 has been propo'sed. Two genetic engineering approaches have 
been reported: chimeric antibodies and complementarity- 
aetermining-region ,a») grafting. The simplest approach 
chimeric antibodies. taKes advantage of the fact that the 
vliable and constant portions of an antibody -^le are 
.0 encoded on separate exons. By simply ™ the «r«W. 
region exons of a rearranged mouse antibody gene wit 
constant region exons, a hybrid antibody gene can £ 
(Morrison, S.L., et .1. (ISM,. ffl^ WI that while 

851-6855, . The »a j0 r problem with this approaches that 
15 the highly immunogenic mouse Fc region is eliminated, 

remaining mouse Tab sequences are . 
(B ru,gemann, et al. (1589). II*. 2153 2157^ 

The cL grafting approach uses computer modeling to generate 
=letelv artificial antibody in which the only mouse 
20 . To: ce/r^se involved in antigen binding (Kiechman, L . . 

.a. Tj-> Each of these 

al (1988) , Nature, 332, 323 * 
appr ches requires the prior characterisation of a rodent 
K0 no=lonal antibody directed against - s ^1 

and both reguire «» ««^™ f t /peered antibody. 

is a proposal involving the construction of bacterial 
xpression libraries containing immunoglobulin c» — 

(orlandi. et al. (1989) ■ ^^— h£Si ^-^'-^ 
30 833-3837, and Huse. et al. (1989), SC^, Hi. »75 1281). 
Tn L technique reportedly has only been used to generate 
antibody fragments derived from mouse cDNA sequences. 

K nTmber of experiments have reported the use of 
transacted cell lines to determine the specific DNA sequences 
35 required for Ig gene rearrangement (reviewed by Lewis and 
oenert ,1989), aU, tt. -5-588). Such reports have 
identified putative sequences and concluded that the 
t ibility of these sequences to the recombinase enzymes 
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is modulated by transcription 

Lr V« P D)J are report^ W := - 

nea ,. pa M n a r o m ic h ep t a ; er ana le ^ . ^ ^ ^ 

> nanomer separated by a spacer or ,im 9 ) . SaMS_in 

e-7K-(;fti r Hesse, et ax. ^-l^©^; / ^ 

r 3> ; T-™>- "«i"e„ t ruination reported occurs 
^'.eUen sites containing ruination signal seances 

- containing various 

— are capa.e ^^T^^, U. 
117 12/, ig-i- 197-207 ; Neuberger et al . 

^ing t h e „ or * constant region .ave 

Sci^_US^, 82, 2152 rearranged heavy chain 

was reported. always occur in 

Allelic exclusion, however, does not always 

Immunol., 143, zu/« v nga-^si (M transgenes 

al (1988), -T F.vp. Med., 168, 13 63 13Si ^ 

et al. 1^°°'' nrevent rearrangement of 

lacking transmembrane exons did not preven 

lacKing ^ M984), Nature , jH, 

the endogenous genes); Ritchie, et al. (198 >. __— - 

517-520 and Storb, et al. (1986), JMmnQ^-*^' **• 1 
r^enic mice.expressing rearranged . °* 

for ming stable ^^^UtT^y — 
endogenous * genes m B-cells , ExP , 

endogenous heavy chain gene); and Manz, et al. (19 _ 
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Med 168, 1363-1381 (transgenic mice containing k gene 
encoding light chain incapable of combining with heavy chains, 
show only a low level of allelic exclusion) . See also 
Nussenzweig, et al. (1988), Nature, 336, 446-450): Durdik, et 
5 al. (1989), p™- Natl *rn« Sci ■ USA, 86, 2346-2350; and 
Shimizu, et al. (1989), Pror Natl. Arml ■ Sci. USA , 86, 
8020-8023. 

Somatic mutation has also been reported in a 15 kb 
mouse k gene construct in hyper immunized transgenic mice 
10 (O'Brien, et al. (1987), Nature, 326, 405-409; Storb (1989) in 
immunoglobulin Genes, Academic Press, T. Honjo, F.w. Alt, and 
T H. Babbitts, eds. pp. 303-326) and in the variable portion of 
a y. heavy chain transgene (Durdik, et al. (1989), Proc. Natl . 
Sci. USA. 86 , 2346-2350). 
15 Ig gene rearrangement, though studied in tissue 

culture cells, has not been extensively examined in transgenic 
mi ce Only a handful of reports have been published describing 
rearrangement test constructs introduced into mice [Buchim, et 
al (1987), Nature , 326, 409-411 (prearranged chicken A 
20 transgene); Goodhart, et al. (1987) , Pror NaU . Acad. Sci. 
USA M/ 4229-4233) (unrearranged rabbit k gene); and 
Bruggemann, et al. (1989), Pror.. Natl. Acvtrt. Sci. USA , 86, 
6709-6713 (hybrid mouse-human heavy chain)]. The results of 
such experiments, however, have been variable, in some cases, 
25 producing incomplete or minimal rearrangement of the transgene. 

Based on the foregoing, it is clear that a need exists 
for heterologous monoclonal antibodies, e.g. antibodies of 
human origin, derived from a species other than human. Thus, 
it is an object of the invention herein to provide a source of 
30 monoclonal antibodies that may be used therapeutically in the 
particular species for which they are designed. 

in accordance with the foregoing object transgenic 
nonhuman animals are provided which are capable of producing a 
heterologous antibody, such as a human antibody. 

Further, it is an object to provide B-cells from such 
transgenic animals which are capable of expressing heterologous 
antibodies wherein such B-cells are immortalized to provide a 
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source of a monoclonal antibody specific for a particular 
antigen. 

In accordance with this foregoing object, it is a 
further object of the invention to provide hybridoma cells that 
5 are capable of producing such heterologous monoclonal 
antibodies. 

Still further, it is an object herein to provide 
heterologous unrearranged and rearranged immunoglobulin heavy 
and light chain transgenes useful for producing the 
10 aforementioned non-human transgenic animals. 

Still further, it is an object herein to provide 
methods to disrupt endogenous immunoglobulin loci in the 
transgenic animals. 

Still further, it is an object herein to provide 
15 methods to induce heterologous antibody production in the 
aforementioned transgenic non-human animal. 

A further object of the invention is to provide 
methods to generate an immunoglobulin variable region gene 
segment repertoire that is used to construct one or more 
20 transgenes of the invention. 

The references discussed herein are provided solely 
for their disclosure prior to the filing date of the present 
application. Nothing herein is to be construed as an admission 
that the inventors are not entitled to antedate such disclosure 
25 by virtue of prior invention. 

SUMMARY OF THE INVENTION 

In accordance with the foregoing objects, in one 
aspect of the invention, transgenic non-human animals are 

30 provided that contain rearranged, unrearranged or a combination 
of rearranged and unrearranged heterologous immunoglobulin 
heavy and light chain transgenes in the germline of the 
transgenic animal. For each of the foregoing animals, 
functionally rearranged heterologous heavy and light chain 

3 5 immunoglobulin transgenes are found in the B-cells of the 

transgenic animal. 

Heterologous heavy and/or light unrearranged 
immunoglobulin transgenes are introduced into a host non-human 
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animal to produce a transgenic non-human animal containing a 
heavy and a light heterologous immunoglobulin gene or an 
intermediate animal containing one or the other transgene. 
When incorporated into the germline of such intermediate 
5 animals, crosses between one containing a heavy chain transgene 
and one containing a light chain transgene produces a 
transgenic non-human animal containing both heavy and light 
heterologous immunoglobulin transgenes. 

The transgenes of the invention include a heavy chain 
10 transgene comprising DNA encoding at least one variable gene 
segment, one diversity gene segment, one joining gene ****** 
aTone constant region gene segment. The immunoglobulin ight 
chain transgene comprises DNA encoding at least one variable 
gene segment, one joining gene segment and one constant region 
15 gene segment. The gene segments encoding the light and heavy 
chain gene segments are heterologous to the transgenic 
non-human animal in that they are derived from, or correspond 
to DNA encoding immunoglobulin heavy and light chain gene 
segments from a species not consisting of the transgenic 
20 non-human animal. In one aspect of the invention, the 

transgene is constructed such that the individual gene segments 
are unrearranged , i.e., not rearranged so as to encode a 
functional immunoglobulin light or heavy chain. Such 
unrearranged transgenes permit recombination of the gene 
25 segments (functional rearrangement) and somatic mutation of the 
resultant rearranged immunoglobulin heavy and/or light chains 
within the transgenic non-human animal when exposed to «ti,«. 

in one aspect of the invention, heterologous heavy and 
light immunoglobulin transgenes comprise relatively large 
30 fragments of unrearranged heterologous DNA. Such fragments 
typically comprise a substantial portion of the C, J (and m 
the case of heavy chain, D) segments from a heterologous 
immunoglobulin locus. In addition, such fragments also 
comprise a substantial portion of the variable gene segments. 
35 m an alternate embodiment, HP LaserJet Series 

IIHPLASEII.PRSegments. In such transgene constructs, the 
various regulatory . sequences , e.g. promoters, enhancers, class 
switch regions, recombination signals and the Tike, comprise 
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Ho-rived from the heterologous DNA. 
corresponding s ^ ^ encss m ay be incorporate 
amatively, such £ , related spec ies of the 

into the transgene from the same « aBD ie. human 

non-human used in the inve - ^ - ^ ; 

5 immunoglobulin gene segments may d use in a 

with a rodent immunoglobulin enhancer sequence 

transgenic mouse. transgenic non-human 

in a method of the invention, a transg 

animal containing germline -^^^ ,^2^ 
„ immunoglobulin transgenes - that und g ^ 

rearranged ^J^^ ^"T^« 
L5 primary repertoire B cells J ^ 

having high affinity and specificity f immortalii ed by 

such antibody producing B cells m y ^ . 

• „<th a virus, or with an oncogene containing DNA 
transforming with a J- ^ by £using „ ith a 

20 —Ultrt: form antibody secreting idomas. m 

rrrfll::^ antibody having low = nic ity in the 
species from which the immunoglobulin gene segments 
" i" in the invention are vectors and method, 

• f the endogenous immunoglobulin Xooi in the non-human 
to disrupt the endogeno vec tors and methods 

. , h« used in the invention, sucn v.i. 
animal to be used posit ive-negative selection 

utill2e a trans gene P~ a „ ^ ^ ^ ^ 
30 vector, which is con ^ 

JUnC "° n n : or fght mmunoglobulin chain endogenous to the 
hea vy invention. Such endogenous gene 

—"de "diversity, fining and e ns region gene 
T fhU acnect of the invention, the 
35 segments. In this aspect contact ed with at least 

positive-negative selection vector is contac 

■ =*o™ cell of a non-human animal atter 
one embryonic-stem cell or a n _ se Tect-ion "vector has 

are selected wherein the positive-negative select 



PCT/L'S91/06185 

WO 92/03918 

8 

~ +->ie> non-human animal by way of 
integral ^ genome ^ resulta „ t 

homologous r substan L lly incapable of 

transgenic non-huma .an ^ - _ aB . result 

counting an immunoglobulin m.dia . 
5 „£ homologous integration of the vec 

non-human animals may thereafter be used tor 

j »h« recipient of heterologous 
deficiencies or used as the recipie 

immunoglobulin ^^^Z^Z^r generating a 
The invention also m^ uu 

*t each end a cleavage recognition site o. 
c?Ptment and contains at eacn enu 
15 a Tstriction endonuclease. The population of immunoglobulin V 
1 segment DNAs is thereafter concatenated to form the synthetic 
immunoglobulin V segment repertoire. transg enic 
Another aspect of the invention includes transgenic 

• i= rhat contain functionally rearranged 
nonhuman animals that contain rrans aenes in 

2 0 heterologous heavy and light chain immunoglobulin transgen^^ 

the germline of the " ^ ^ heavy 

primary repertoire ^ > are capable of undergoing 

and light transgenes. Such b cens r 
somatic mutation when contacted with an antigen to form a 
25 heterologous antibody having high affinity and specificity 

^^e invention also includes transgenic animals 

cells having a heavy and light transgene 
T n 7neTth said tran genes contains rearranged gene 
30 "ZZs ^tTother containing unrearranged gene segments, 
"^he preferred embodiments, the rearranged transgene is 
light chain immunoglobulin transgene and the prearranged 

transgene is a heavy chain immunoglobulin transgene. 
transgene^ ^ £or producing 

35 heterologous antibodies in a transgenic animal 

pri-ry repertoire B-cells having rearranged heavy and light 
heterologous immunoglobulin transgenes. such transgenic 
animals may be obtained from any of the aforementioned - 
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transgenic animals. Thus, the transgenic animal containing 
prearranged heavy and light transgenes, the transgenic anxmal 
containing rearranged heavy and light transgenes or the anxmal 
-i«ing one rearranged and one prearranged transgene in the 

5 germline of the animal, each contain primary repertoire B-cells 
having rearranged, heterologous heavy and light immunoglobulin 
transgenes. In the method of the invention, a desired first 
heterologous antibody is produced which is capable of binding a 
first antigen. The rearranged immunoglobulin heavy and light 

10 transgenes in the primary repertoire B-cells of such animals 
are known to produce primary repertoire antibodies having 
sufficient affinity for a second known antigen. In this 
method, the transgenic non-human animal is contacted, 
sequentially or simultaneously, with the first and second 

15 antigen to induce production of the first heterologous antibody 
by somatic mutation of the rearranged transgenes. The 
secondary repertoire B-cells so produced are then manipulated 
as previously described to immortalize the production of the 
desired monoclonal antibody capable of binding the first 

20 antigen. 

The present invention also includes plasmids, useful 
in cloning large DNA fragments (e.g., immunoglobulin genomic 
fragments), that have an origin of replication (OKI), a copy 
control region (e.g., HOP, or the copy control region of 

25 PACYC177, or others known to those skilled in the art), and a 
cloning site. The. plasmids also include a transcription 
terminator (e.g., trp* or others known to those skilled m the 
art) downstream of endogenous plasmid-derived promoters such as. 
that of the ampicillin resistance gene (amp*) . The 

30 transcription termination is located upstream of the cloning 
site so that transcripts originating at the promoter are 
terminated upstream of the cloning site. In a preferred 
embodiment, the cloning site is flanked by rare restriction 
sites, which are sites consisting of seven, eight, or more 

35 nucleotides, instead of the six or fewer nucleotides that make 
up more common restriction sites; e.g., Not I, Sfi I, and 
Pact Rare restriction sites also include sites that contain 
nucleotide sequences occurring rarely in natural DNA sequences; 
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i.e. , less frequently than about once in every 8,000-10,000 
nucleotides. 

hptff nESCP Twrmi OF TKF, FIGURES. 

Fig ! depicts the complementarity determining regions 
' CDR1, CDR2 and CDR3 and framework regions FR1, FR2, FR3 and FR4 
in unrearranged genomic DNA and mRNA expressed from a 
rearranged immunoglobulin heavy chain gene, 

Fig. 2 depicts the human A chain locus, 
Fig. 3 depicts the human k chain locus, 
Fig 4 depicts the human heavy chain locus, 
Figs. 5 and 6 depict the strategy for generating a 

synthetic V segment repertoire. 

Fig. 7 depicts the strategy for functional disruption 

15 of endogenous immunoglobulin loci. 

Fig. 8 depicts the T-cell mediated secondary response 

leading to maturation of the B-cell. 

Fig. 9 depicts somatic mutation and clonal expansion 
of B-cell. in response to two different antigens. 
, 0 Fig . io depicts a transgene construct containing a 

rearranged IgM gene ligated to a 25 Kb fragment that contains 
human ,3 and ,1 constant regions followed by a 700 bp fragment 
containing the rat chain 3' enhancer sequence. 

Fig 11 is a restriction map of the human k chain 
locus depicting the fragments to be used to form a light chain 
transgene by way of in vivo homologous recombination. 

Fig. 12 depicts the construction of pGPi. 
Fig. 13 depicts the construction of the polylinker 

contained in pGPl. 

Fig. 14 depicts the fragments used to construct a 

human heavy chain transgene of the invention. 

Fig. 15 depicts the construction of pHIGl and pCONl. 
Fig. 16 depicts the human C^l fragments which are 
inserted into P RE3 (rat enhancer 3 ' ) to form pREG2 . 
35 F i g . 17 depicts the construction of P HIG3 • and PCON. 

Fig. 18 depicts the fragment containing human D region 
segments -used in construction of the transgenes of the 

invention. 
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F ig. 15 depicts the construction of P H!G2 (D segment 
contains pxas.id, ^^ ^ ^ 
a„ d hu*an J gene segments used in constructing a transgene of 

5 the invention. 

Fig. 21 depicts the structure of P Em- 

Fig. 22 depicts the construction of pKapH . 

Til 23A through 23D depict the construction of a 

Figs 23A thro 9 func tionally disrupting 

Figs. 24A ■ * functionally disruptxng 

^f^/o-neaative selection veouui 

heavy chain targeting vector. 

rig. 27 depicts the map of vector pGPe. 
ri . 23 depicts the structure of vector pW. 
' 29 aepicts the structure of vector *»«• 

0 depicts the transgene constructs for pBOU. 
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pHCl and pHC2 
Fig. 
Fig. 
Fig 



31 depicts the structure of p-re2 . 

32 depicts the structure of pVGEl. 

33 depicts the assay results of human Ig 
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expression in a P HC1 transgenic mouse. 

v\a 34 depicts the structure of pJCKl. 

Z W depicts the construction of a synthetrc heavy 

chain variable region. 

Table 1 depicts the sequence of vector p 
Table 2 depicts the sequence of gene V.49.8. 

EfflB So f a transgenic non-hu-an ani.a! that 
responas to foreign antigen station with . heterologous 
responds ^ heterologous 

antibody repertoire, re ^ ire % tha * the tra nsgenic 

immunoglobulin transgenes contarneo vathrn th 

— Thrtrnsgen s P in one aspect of the 

development. Accordingly, the transge 
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invention are constructed so as to produce one or all of the 
following: (1) high level and cell-type specific expression, 
(2) functional gene rearrangement, (3) activatxon of and 
Uponse to allelic exclusion, (4) expression of a sufficient 
primary repertoire, (5) signal transduction, (6) class 
switching, (7) somatic hypermutation , and (8) domination of the 
transgene antibody locus during the immune response. 

As will be apparent from the following disclosure, not 
all of the foregoing criteria need be met. For example, in 
those embodiments wherein the endogenous immunoglobulin loci 
the transgenic animal are functionally disrupted, the transgene 
need not activate allelic exclusion. Further, in those 
embodiments wherein the transgene comprises a functionally 
rearranged heavy and/or light chain immunoglobulin gene, the 
second criteria of functional gene rearrangement is 
unnecessary, at least for that transgene which is already 
rearranged. For background on molecular immunology see 
riini . T^noloov. 2nd edition (1989), Paul William E. , 

ed. Raven Press, N.Y. 
5 st-T-nctur - Generation of Antibodies 

> ^^uiins, also known as antibodies, are a group 

of glycoproteins present in the serum and tissue fluids of all 
mammals. They are produced in large amounts by plasma ce s 
(also referred to herein as "secondary repertoire B-c.ll. ) 
5 which develop from precursor B lymphocytes (referred to here in 
as "primary repertoire B-cells") . Such primary repertoire 
B-cells carry membrane-bound immunoglobulin which is similar to 
that produced by the fully differentiated secondary repertoire 
B-cell Contact between primary repertoire B-cells and foreign 
}0 antigen is required for the induction of antibody fon-txon^ 
The basic structure of all immunoglobulins is based 
upon a unit consisting of two identical light polypeptide 
chains and two identical heavy polypeptide chains linked 
together by disulfide bonds. Each light chain comprises two 
35 regions known as the variable light chain region and the 
constant light chain region. Similarly, the 

heavy chain comprises two regions designated the variable heavy 
chain region and the constant heavy chain region. The cons.an. 
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■„„ for the heavy or light chain is encoded by genomic 
"' Lis reared to as heavy or light constant region gene 
'Tent The use of a particular heavy chain gene segment 

defines the ca.,- armant<i define the IgM class of 

th e , constant region gene segment d in 
antibody whereas the use of a -,, -,2, ^ or 7 
g ene segment defines the IgG class of antrbod.es as well 
IgG subclasses IgGl through IgG4. 
' The variable regions of the heavy and light 

immunoglobuUn chains together ^ oi^sit in 

* <->,o an-hibodv. Because of tne neeu 
domain of the antiaoay. . t _ wide range 

* fv, fl antibodv to permit binding to a wxue ^ 
this region of the antiboay * P _ Dri mary repertoire 

gene segments. Thus, m segment 
rhain is encoded by one V gene segment and one J ge 
chain is encou j segments 
each selected from the family of V and J gen g» 

. nwi r>-f the oraanism. In tne cabe 
contained in the genomic DMA of the org ^ 

the he avy chain variable region, the » encod g 
or primary repertoire variable region of ™J* J 

rhain V qene segment, one neavy 
comnrises one heavy cnam y 

diversity (D, gene segment and one J gene segment, each 
belted "from the appropriate V, » and 3 families of 
immunoglobulin gene segments in genomic 

a-^^^for generating »x encoding the heavy and 

B "° e11 :- the V 0 /and constant ,c, gene segments are found, 
segments, the v, u, segments 

£or the most part, in -^^^ J B . oells . Generally, 
5 in the precursors of primary rep , ( „ ht chain are located 

all of the gene segments for a heavy or light chain ar 
I relatively dose proximity _on a single chromosome. Such 
genomic DNA prior to recombination of the various 
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immunoglobulin gene segments is referred to herein as 
prearranged" genomic DNA. During B-cell dif f erentxatxon, one 
of each of the appropriate family members of the V, D, J (or 
only V and J in the case of light chain genes) gene 
5 are recombined to form functionally rearranged heavy and Ixght 
immunoglobulin genes. Such functional rearrangement xs of the 
variable region segments to form DNA encoding a functional 
variable region. This gene segment rearrangement process 
appears to be sequential. First, heavy chain D-to-, joints are 
10 made, followed by heavy chain V-to-DJ joints and Ixght chain 
V-to-J joints. The DNA encoding this initial form of a 
functional variable region in a light and/or heavy chain xs 
referred to as "functionally rearranged DNA" or "rearranged 
DNA". in the case of the heavy chain, such DNA is referred to 
15 as "rearranged heavy chain DNA" and in the case of the Ixght 

chain, such DNA is referred to as "rearranged Ixght chaxn DNA . 
Similar language is used to describe the functional 
rearrangement of the transgenes of the invention. 

The recombination of variable region gene segments to 
20 form functional heavy and light chain variable regions xs 

mea!ated by recombination signal sequences (RSS's) that flanK 
recombinationally competent v, D and J segments. RSS's 
necessary and sufficient to direct recombination, comprxse 
dy ad-symmetric heptamer, an AT-rich nonamer and an intervening 
25 spacerTegion of either 12 or 23 base pairs. These 

conserved among the different loci and species that carry out 
D-J (or V-J) recombination and are functxonally 
interchangeable. See Oettinger, et al. (1990), Science, 248, 
1517-1523 and references cited therein. The heptamer comprises 
30 the sequence CACAGTG or its analogue followed by a spacer of 
unconserved sequence and then a nonamer having the sequence 
ACAAAAACC or its analogue. These sequences are found onthJ. 
or downstream side, of each V and D gene segment. Immediately 
preceding the germline D and J segments are again two 
35 recombination signal sequences, first the nonamer and then 
heptamer again separated by an unconserved sequence. The 
heptameric and- nonamer ic sequences following a « y v„ or 
segment are complementary to those preceding the J L , D or J, : 
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stents with which they recombine. The spacers between the 
"^merlc and nonameric sequences are either 12 base pairs 
long or between 22 and 24 base pairs long. 

xn action to the rearrangement of v, D and J 
segments, "further diversity is generated in the primary 
re^rtoire of immunoglobulin heavy and light Cham by way of 
variable recombination between the V and J segments xn the 
light chain and between the D and J segments of the »eavy 
ohain. such variable recombination is generated b, , variation 
in the exact place at which such segments are ,oined. such 
variation in the light chain typically occurs within the last 
codon of the V gene segment and the first codon of the 3 
segment, similar imprecision in joining occurs on the heavy 
IZr, Chromosome between the D and J. segments and may extend 
over as many as 10 nucleotides. Furthermore 
nucleotides may be inserted between the D and a, and between 
the V and D gene segments which are not encoded by genomic 
" T he addition of these nucleotides is Known as N-reglon 



DNA. 

diversity. 



After VJ and/ or VDJ rearrangement, transcription of 
the rearranged variable region and one or more constant region 
'le segments located downstream from the rearranged variable 
region "educes a primary KNA transcript which 
HHA splicing results in an tf»A which encodes a full ength 
,5 heavy cr light immunoglobulin chain, such heavy and light 
chains include a leader signal seguence to effect secretion 
through and/or insertion of the immunoglobulin into the 
transmembrane region of the B-cell. The DNA encoding this 
signal sequence is contained witbin the first exon of the V 
,0 gment used to form the variable region of the heavy or ight 
immunoglobulin chain. Appropriate regulatory "«™ ™ 
also present in the mRNA to control translation of the mFNA t„ 
proouce the encoded heavy and light immunoglobulin P-VP^ 
Which upon proper association with each other form an antlbod, 

" m0leCUlS ' The net effect of such rearrangements in the variable 

+ ~ *r>* t-he variable recombination which may 
reaion gene segments and the varies 

w a nn is the production of a primary 
occur during such joining, is tne pj-u 
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antibody repertoire. Generally, each B-=ell which has 
differentiated to this stage, produces a single primary 
repertoire antibody. During this differentiate process, 
ceHular events occur which suppress the functional 
rearranged of gene segments other than those contained 
within the functionally rearranged !g gene. The process by 
wh^h diploid B-cells maintain such mono-specif icity is termed 
allelic exclusion. 

The s pnondar y Puerto ire 

^ B . cell clon es expressing immunoglobulins from Within 

the set of sequences comprising the primary repertoire are 
immediately available to respond to foreign «*^^" OM " 
of the limited diversity generated by simple VJ and .DJ 
, coining, the antibodies produced by the so-called primary 

response are of relatively low affinity. Two different types 
0 f T-cells make up this initial response: precursors of primary 
antibody-forming cells and precursors of secondary r «P«to« 

4. ,1 1 1 qrq \ Cell. 59, 1049-1059). ine 
B-cells (Linton, et al. (1989), S^eii, 
0 first type of B-cell matures into xgM-secreting plasma cells in 
responsf to certain antigens. The other B-cells respond to 
initial exposure to antigen by entering a T-cell dependent 
maturation pathway. It is during this «•» 
maturation of B-cells that a second level of diversity is 
!5 generated by a process termed somatic mutation < ^™ ~ 
referred to as hypermutation, . These primary repertoire B cells 
use the immunoglobulin molecules on their surfaces » b-d -d 

Tf the foreign antigen is a 
internalize the foreign antigen. If tne tore y 

Protein or is physically linked to another protein antigen 
30 that protein antigen is then processed and presented on the 
cell surface by a major histocompatibility complex (MHC) 
Tolecule to a helper T-cell which in turn ° 
the B-cell. Lanzavecchia (1585). Mare.. 114, 537. This 
overall maturation of the B-cell is known as the secondary 
35 response. ^ maturatio „ of antigen 

stimulated- B-cell clones, the structure of the 
molecule on the cell surface changes in two ways: the cons.an 
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re ,ion switch to a ^J^^Z^^ 

« Ti » ocess'o, somatic nation, f « the 

Higher affinity clones, that generates highly 

th e I, mediated immune response ^ ^ 

0 has been determined by amino acid and nuc 

throughout the reg referred tc as 

S^T^Ti and 3. The « and « ar 

largely the result ox portions of the 

<-= or- v D and J gene segments. Those po* 
segments or V, u ana y 2 or 3 are 

— - ion rr- « fri ' fr2 ' 

comply referred ^ " hypermuta tion, the rearrange, 

20 FR3 and FR4 See Fig with altered Ig 

DNA is mutated to give rise * affinities for the foreign 

Those clones with higher affinities ioj: 
molecules. ™ SS ^ by helper T -cells, giving rise 

antigen are selectiv y P antibody. Clonal 

^'^^^X^tTu^-.l- of clones containing 
25 selection typically ^ Houever _ 

new station ~ th * ^ also oocur whioh influence the 

^trs^r* - «- — wnding do - ain - 

Transgenic non-human animals in one aspect of the 
invention are Produced by introducing ^ -ast one o the 
35 „iobulin transgenes of t» . invent on - - 

Hereinafter) into a zygote or early invention 
animal. The non-human animals which ar used in 

general comprise ^ -^J^?^ antibody- 
immunoglobulin gene segments to proa 
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response and, which, in addition, are capable of mounting a 
secondary response by way of somatic mutation of such 
rearranged Ig genes. A particularly preferred non-human animal 
is the mouse or other Timbers of the rodent family. Mice are 
particularly useful since their immune system has been 
extensively studied, including the genomic organization of the 
mouse heavy and light immunoglobulin loci. See e.g. 
immunoglobulin Genes, Academic Press, T. Honjo, F.W. Alt and 

T.H. Rabbitts, eds. (1989). 

However, the invention is not limited to the use of 
mice. Rather, any non-human mammal which is capable of 
mounting a primary and secondary antibody response may be used. 
Such animals include non-human primates, such as chimpanzee, 
bovine, ovine and porcine species, other members of the rodent 
family, e.g. rat, as well as rabbit and guinea pig. Particular 
preferred animals are mouse, rat, rabbit and guinea pig, most 

preferably mouse. 

As used herein, the term "antibody" refers to a 
glycoprotein comprising at least two identical light 
polypeptide chains and two identical heavy polypeptide chains 
linked together by disulfide bonds. Each of the heavy and 
light polypeptide chains contains a variable region (generally 
the amino terminal portion of the polypeptide chain) which 
contains a binding domain which interacts with antigen. Each 
of the heavy and light polypeptide chains also comprises a 
constant region of the polypeptide chains (generally the 
carboxyl terminal portion) some of which sequences mediate the 
binding of the immunoglobulin to host tissues including various 
cells of the immune system, some phagocytic cells and the first 
, component (Clq) of the classical complement system. 

As used herein, a "heterologous antibody" is defined 
in relation to the transgenic non-human organism producing such 
an antibody. It is defined as an antibody having an ammo acid 
sequence or an encoding DNA sequence corresponding to that 
found in an organism not consisting of the transgenic non-human 
animal. Thus, prior to rearrangement of a transgene containing 
various heavy or light chain .gene segments , such gene segments 
may be readily identified, e.g. by hybridization or DNA 
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sequencing, as being from a specie, of ^ ^ 

0 vsmnle in one embodiment or -cne 
transaenic animal. For example, in u» 
"enLn, various ,e M segments fro. the human genome are used 
" H~vy and light chain transgenes in a» unrearranged form^ 
. In "this embodiment, such transgenes are introduced into . . 
The unrearranged gene saints of the light and/or heavy chain 
transgene have DMA seances unique to the human species which 
are distinguishable from the endogenous immunoglobulin gene 

are disting readily detected m 

segments in the mouse genome. They may o ..„„„,. 
, unrearranged form in the germ line and somatic <>•«•"" 
consisting of B-cells and in rearranged form in B-c.ll.. 

in an alternate embodiment of the invention, the 
transgenes comprise rearranged heavy and/or light 
immunoglobulin transgenes. Specific segments of such 
S transgenes corresponding to functionally """"^^^ 
segments, contain immunoglobulin DNA sequences which are also 
cHTrly distinguishable from the endogenous immunoglobuUn gene 

seoments in the mouse. 

such differences in DNA sequence are also reflected in 
0 the amino acid sequence encoded by such human immunoglobulin 
transgenes as compared to those encoded by mouse B-cel 1 detected 
Thus, human immunoglobulin amino acid sequences may be detecte. 
in the transgenic non-human animals of the invention with 
antibodies specific for immunoglobulin epitopes encoded by 

,5 human immunoglobulin gene segments. . r » nsaene s 
Transgenic B-cells containing unrearranged transgenes 
trom human or other species functionally recombine the 
appropriate gene segments to form functional y rearr light 
and heavy chain variable regions. It is to be una 

30 the DNA of such rearranged transgenes for the most part will 

not correspond exactly to the DNA sequence o the gene gm ts 

from Which such rearranged transgenes were obtained. T 

due primarily to the variations introduced during variable 

recombination and because of mutations introduced by 

3 5 nvpermutation during the secondary response. Notwithstanding 
35 hypermut acid) sequence , 

such modifications in DNA (as wen a 

it will be readily apparent that the antibody encoded b> such 
rearranged transgenes has a DNA and/or amino acid sequence 
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which is heterologous to that normally encountered in the non- 
human animal used to practice the invention. 

The term -substantial identity", when referring to 
polypeptides, indicates that the polypeptide or protein in 
question exhibits at least about 30% identity with an entire 
naturally occurring protein or a portion thereof, usually at 
least about 70% identity, and preferably at least about 95% 
identity. As used herein, the terms "isolated", "substantially 
pure" and "substantially homogenous" are used interchangeably 
herein and describe a polypeptide protein which has been 
separated from components which naturally accompany it. 
Typically, a monomer ic protein is substantially pure when at 
least about 60 to 75% of a sample exhibits a single polypeptide 
backbone. Minor variants or chemical modifications typically 
share the same polypeptide sequence. A substantially pure 
protein will typically comprise over about 85 to 90% of a 
protein sample, more usually about 95%, and preferably will be 
over about 99% pure. Protein purity or homogeneity may be 
indicated by a number of means well known in the art, such as 
0 polyacrylamide gel electrophoresis of a protein sample, 
followed by visualizing a single polypeptide band on a 
polyacrylamide gel upon staining. For certain purposes high 
resolution will be needed and HPLC or a similar means for 
purification utilized. A polypeptide is substantially free of 
>5 naturally-associated components when it is separated from the 
native contaminants which- accompany it in its natural state. 
Thus, a polypeptide which is synthesized in a cellular system 
different from the cell from which it naturally originates will 
be substantially free from its naturally-associated components. 

30 

Ti n r P arranae(^ Transaenes 

As used herein, an "unrearranged immunoglobulin heavy 
chain transgene" comprises DNA encoding at least one variable 
gene segment, one diversity gene segment, one joining gene 
35 segment and one constant region gene segment. Each of the gene 
segments of said heavy chain transgene are derived from, or has 
a sequence corresponding to ,__ DNA encoding immunoglobulin heavy 
chain gene segments from a species not consisting of the 
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• i into which said transgene is introduced. 

v.riable gene segment, one joining . ^ ^ 

one constant region gene segment wherein 9 

• 7- ,!„tain the above-identified gene segments xn 
of the invention contain the ao hotween the V, D and J 

j *~^m Thus interposed between tne v, 
an prearranged form. Thus, in P bet ween the V and J 

segments in the heavy chain transgene and betW ^\ 

.m-, on the light chain transgene are appropriate 
segments on the ngn , R c S . s n m addition, such 

5 recombination signal sequences RSS s) I ^ 
transgenes also include appropriate RNA S ^ C ^ 9 
join a constant region gene segment with the VJ or VDJ 

heavy chain 

0 m ore than one C regie, ^ ^ ™ 

segments and downstream from the vari bl ^* 
to permit recombination between such constant r g 
J5 for immunoglobulin class switching, e.g. from I 9 
' -vy and ^T-- 

S=r^T^. ^ liable region gene segments which 
contain OCTA and TATA motifs. regula tor y sequences 

35 expression, thereoy ra ^ oml -, at orv enhancers and 

case of the heavy chain transgene, regulatory 

also employed- 
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Although the foregoing promoter and enhancer 
regulatory control sequences have been generally described 

„ « ™*v be heterologous to the nonhuman 
such regulatory sequences may be heteroxog 

animal being derived from the genomic DMA from vhxch the 
heterologous transgene immunoglobulin gene segments are 
obtained. Alternately, such regulatory gene segments are 
derived from the corresponding regulatory sequences xn the 
genome of the non-human animal, or closely related specxes 
genome uj. , iriyy *. transaene. Such regulatory 

which contains the heavy and lxght transgene. 
sequences are used to maximize the transcription and 
Trfnslation of the transgene so as to induce allelxc exclusion 
and to provide relatively high levels of transgene expressxon. 

in the preferred embodiments, each of the 
immunoglobulin gene segments contained on the heavy and light 
"sgenes are derived from, or have seguences corresponds 
to, genomic DNA, cDNA or portions thereof from a species or 
individual which is heterologous to the non-human —al -to 
which the transgene is to be introduced. As a conseguence, 
when such gene segments are functionally rearranged and 
hvpermutated in the transgenic non-human animal, the 
heterologous antibody encoded by such heavy and light 
transgenes will have an amino acid seguence and «««« 
secondary and terteriary structure which provides »P°« £ ~ 
utility against a desired antigen when used therapeu tl cally in 
S organism from which the !g gene segments are » 
addition, such antibodies demonstrate substantially reduced 
i^unogenicity as compared to antibodies which are ..foreign" to 

the organism treated. 

For example, in the preferred embodiments, gene 
30 segments are derived from human beings. The transgenic 

3>uman animals harboring such heavy and light transgenes are 
capable of mounting an Ig-mediated immune response to a 
specific antigen administered to such an animal. B-cells 
roduced within such an animal which are capable of pre > u cing 
35 heterologous human antibody. After immortalisation, and the 
selection for an appropriate monoclonal antibody (Mab), e.g. a 
Tybridl, a source of therapeutic human monoclonal antibody is 



25 
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virted Such human Mabs have significantly reduced 

Examples of antigens which may be used to g 
neterologous antibodies In the transgenic animals °- 
s invention containing human ^^^Z^ human 
„acterial, viral and tumor ^"^ec^n °- 

B- and T-cell antigens associated with gratt J 

autoimmunity. , . t he 

Although the preferred embodiments disclose the 
Altnoug * transqenes containing human 

.0 construction of heavy and light In this 

ge ne segments, the invention is not s lim ted ^ 

^ it is to be understood that tne ^ 
regard. it is to iminunoglobulin ge ne 

HpecL other than human beings. For example, 
segments trom a specxe ^ ^ ^ ^ 

15 irbtrsV, tie inrtLn. therapeutic antibodies encoded b y 
Tppropriate gene segments may be utili^d to. nerate^ ^ ^ 
mon o=lonal antibod.es for use in ^ ^ 

example, the treatment of ^ conteBpl ated by 

^r:rrrr::.:-sr:;:.., . 
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rin ec switching . , __- 0 -i v 

~ „e of M or 6 constant regions is largely 

• J bv alternate splicing, permitting igM and igD to be 
determined by ^ The Qtner heavy cha in isotypes 

coexpressed in a single ceil. 

and £l are only expressed natively after a gene 
(7 , a , and 6) deletes the and C6 exons. This gene 

rearrangement event £witching , occur s by 

rearrangement process ^£ * gegments located 

recombination between so called swi * 

^ „™ each heavy chain gene (except o). 
mediately upstream of each hea y ^ ^ 

individual switch segments are between 

m-imarily of short repeated sequences, 
and consist primarily indivi dual class switching 

point of recombination differs tor i 



events . 
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The ability of a transgene construction to switch 
isotypes during B-cell maturation has not been directly tested 
in transgenic mice; however, transgenes should carry out this 
function, Durdik et al. (1989) Proc. Nat l- Acad. Sci» USA, 86, 
5 2346-2350) microinj ected a rearranged mouse ji heavy chain gene 
construct and found that in four independent mouse lines, a 
high proportion of the transgenic B-cells expressed the 
transgene-encoded variable region associated with IgG rather 
than IgM. Thus, isotype switching appears to have taken place 
10 between the transgene and the endogenous 7 constant region on 
another chromosome. 

As used herein, the term switch sequence thus refers 
to those DNA sequences responsible for switch recombination. A 
"switch donor" sequence, typically a m switch region, will be 
15 5 1 (i.e., upstream) of the construct region to be deleted 

during the switch recombination. The "switch acceptor" region 
will be between the construct region to be deleted and the 
replacement constant region (e.g., 7, e, etc.). As there is no 
specific site where recombination always occurs, the final gene 
20 sequence will typically not be predictable from the construct. 

The switch (S) region of the n gene, S^, is located 
about l to 2 kb 5' to the coding sequence and is composed of 
numerous tandem repeats of sequences of the form 
(GAGCT) n (GGGGT) , where n is usually 2 to 5 but can range as 
25 high as 17. (See T. Nikaido, et al. (1981): Nature, 292:845- 
848. ) 

Similar internally repetitive switch sequences 
spanning several kilobases have been found 5 1 of the other C H 
genes. The Sa region has been sequenced and found to consist 

3 0 of tandemly repeated 80-bp homology units, whereas S^, S^ b , 
and all contain repeated 49-bp homology units very similar 
to each other. (See, P. Szurek, et al. (1985): J, Immunol , 
135:620-626 and T. Nikaido, et al. (1982): J. Biol. Chem. , 
257:7322-7329.) All the sequenced S regions include numerous 

35 occurrences of the pentamers GAGCT and GGGGT that are the basic 
repeated elements of the S^ gene (T. Nikaido, et al. (1982): 
-Biol- Chem.., 257:7322-7329); in the other S regions these 
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pentamers are not precisely tandemly repeated as in S^, but 
instead are embedded in larger repeat units. 

The region has an additional higher-order 
structure : two direct repeat sequences flank each of two 
5 clusters of 49-bp tandem repeats. (See M. R. Mowatt, et al 

(1986): J. Immunol. , 136:2674-2683). Switch regions of human H 
chain genes have been found very similar to their mouse 
homologs. Generally, unlike the enzymatic machinery of V-J 
recombination, the switch machinery can apparently accommodate 

10 different alignments of the repeated homologous regions of 

germline S precursors and then join the sequences at different 
positions within the alignment. (See, T. H. Rabbits, et al . 
(1981): Nucleic Acids Res. . 9:4509-4524 and J. Ravetch, et al. 
(1980): Proc. Natl. Acad. Sci- USA , 77:6734-6738.) 

15 induction of class switching appears to be associated 

with sterile transcripts that initiate upstream of the switch 
segments (Lutzker et al., 1988 MoT. Cell. Biol, , 8, 1849; 
Stavnezer et al. 1988 Proc. Natl. Acad. Sci. USA, 85, 7704 ; 
Esser and Radbruch 1989 EMBO J . , 8, 483; Berton et al. 1989 

20 Proc. Natl. Acad. Sci. USA , 86, 2829; Rothman et al . 1990 Int^ 
Immunol . 2, 621). For example, the observed induction of the 
->1 sterile transcript by IL-4 and inhibition by IFN-7 
correlates with the observation that IL-4 promotes class 
switching to -yl in B-cells in culture, while IFN-7 inhibits ~)1 

25 expression. Ideally then, transgene constructs that are 

intended to undergo class switching should include all of the 
cis-acting sequences necessary to regulate these sterile 
transcripts. An alternative method for obtaining class 
switching in transgenic mice {op. and e/i) involves the inclusion 

30 of the 400 bp direct repeat sequences that flank the human \x 
gene (Yasui et al- 1989 Eur. J. Immunol. , 19, 1399). 
Homologous recombination between these two sequences deletes 
the fJL gene in IgD-only B-cells. 

35 Monoclonal Antibodies 

Monoclonal antibodies can be obtained by various 
techniques familiar to those skilled in the art. Briefly, 
spleen cells from an animal immunized with a desired antigen 
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are immortalized, commonly by fusion with a myeloma eel MM. 
Kohlerand Milstein, Eux^JM^, (»«))• 
^ternatL methods of immortalisation include transformation 
'•" Epstein Barr Virus, encodes, or retroviruses, or other 

• aT -t colonies arising from single 

methods well known in the art. coioni f 
• „ llc screened for production of antibodies of 

of the monoclonal antibodies produced by such cells may be 
enhanced by various techniques, including inaction into the 
ttoneal cavity of a vertebrate host, various techniques 
'Tfurln these arts are discussed, for example, in Harlow and 

( I^TT n ^~ g 7 immunisation^ animals to 
Globulins- production of monoclonal antibodies,- labeling 

and immunoassays. 

Th~ TT'TT""- Primary Repertoire 

IHmpc^Tnt requirement for transgene function is the 

ceneration of a primary antibody repertoire that is diverse 

trigger a secondary immune response for a wi e range 

o£ antigens. The sise of the — ^ 1 U ht chains 

encoding the various gene segments for heavy an g 
■ is guite large. For example, in the human genome the three 
' sip- te loci for the > light chain locus, the . ligh chain 
locus and the heavy chain locus together occupy over 5 Kb of 
Z or almost 0.2* of the entire genome. Bach locus consists 
f multiple variable segments that reoombine during B-cell 
0 with a fining region segment ( and. - ^ 

locus with diversity region segments, to form complete V region 
exons. such rearranged light chain genes consist of three 
exons: a signal peptide axon, a variable region exon and a 
constant region exon. The rearranged heavy chain gene .s 
constant regi consis ts of a signal peptide exon, a 

S5 somewhat more complex. It consists n 

variable region exon and a tandem array of al 
- constant region regions, each of which is „oca*by 

Each of the constant region genes encode the constant 



exons . 
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♦ * different class of immunoglobulins. During B-cell 
POrt r n 1 Trlgion proximal constant regions are deleted 
development, V region pxru clasS es. For each 

_ • ^„ ^-p new heavy chain classes, 
^•i*^ -t-ri the expression ox new 
leading to -cne <saf , icina crive 

„eavy chain class, alternative patterns of »». <pl 
, rise to both transmembrane and secreted immunoglobulins. 
5 \pproximately 40% of human serum antibody molecules 

10 tandem array of si, constant ^^'^ ^ 

linkSd ^en^ttn ire se^ts'have been isolated, 

ir^o 9 Tefr "n^e with the rest of the > cluster has not 
: 1 established, and it is not Known if they are used^ E. 
15 seising, et al., ..Xmmunoglobulin sen. .■ . *" 
« n„ fw Alt and T.H. Rabbitts, eds. (1989). 
Ho» 5 o. '-"^ chaln locus is spread out over three 

dusters on chromosome 2 (Fig. 3). The first two clusters, 
clusters ^..oectively contain only variable 

covering 350 and 3 ^ ^ cluster, covering about 1 Mb, 
20 region gene segments. The tmr c , a duster 

oontains proximately 40 V — ^ ~ »„ gene 

" 5 e J n t Se T;rta o V ene segments, have been identified, 

r^^T ~« Of these are *-~~.»£?T~ 
25 (Zachau ,1,.9, in —globulin cenes Academ = P ss, T. 

— .'-lely 1 :; ZZ£2TSc. Region ^e is a ■> 
upstream sequences, causing the leads to 

and A genes. i a r-rto^i- and most 

The human heavy chain locus is the largest and 

t<- consists of approximately 200 V gene segments 
diverse. It consists of pp ^ ^ 

35 spanning 2 Mb, approximately 30 D gen gm 

40 Kb, six j segments clustere w.thxn Kb ^ ^ 

constant region gene segment, -P~^ou ? _PP_ 

Kb. The entire locus spans approximately 2 . 5 Mb 
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„„ of the 10 „g arm of chromosome 14 (Pig. 4). The heavy 
cnTr " segmlt can he grouped into six families on the basis 

the V family. 30 V -~J^V;Te;Vnt."" Barman, 

, 0 _ fc three V 5 segments, ana one v„o s=y 

5 segments, three v h d y 7 _ 7 _ 738 In the human heavy 

j E et al. (1988), EMBO J., 1, 727 738. 
chain locus, the members of individual V families are 

l° c d locus where re iated V segments 

" - single member of the VH* family is the mos t 

10 proximal of the V segments, mapping to within 90 « , c > the 
constant region gene segments. Sato, T et 
^^^^^C^, ISi. 265-271. AH of the 
functional D and J segments appear to lie m this 90 kb regie 
SieLlist, et al. (1981), U*** *i. ^ 
15 ll (1988), EMB0_J. , 1. 1047-1051; Buluwela, et al. (1988) 
" ZJjU. Z, 2003-2010, Xchihara, et al. (1988) 1. 
4141-4150; Berman, et al. (1988), EMBO_J^, I, 727-738). 

B . r.onp Pracrai"^ Transaenes 
_ n 1 H eavy Cha -i" Transaene 

In I preferred embodiment, immunoglobulin heavy and 

light chain transgenes comprise unrearranged genomic DKA from 
lignr cna-Lii u ^, ^ . nref erred transgene 

humans. In the case of the heavy chain, a prefer 
comprises a Not! fragment having a length between 6,0 to 8 
25 1 The length of this fragment is ambiguous -cause the 3 
restriction site has not been accurately -"""J^" 
however, to reside between the al and * gene segments (see 
Pla 4, This fragment contains members of all six of the 

v families the D and J gene segments, as well as the ti. 
Known V„ families, tne u a.. i , 19SS) EMBO 

30 5 -,3 H and al constant regions. Berman, et al. (1988), 
\ 1 ' \ ,.,38. A transgenic mouse line containing this 
^nsgene correctly expresses all of the heavy chain classes 
T^rcuis-y , as well as a large enough 

™>miired for B-cell development as wen 

required ror triaqer a secondary response 

repertoire of variable regions to trigger a 

35 for most antigens. 
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t fg^m7T7r^n71ontaining .11 of the nece ssary 

g ene segment's ana regulatory — from -J^^' 

. „4->.„^ori cnrh a construct- 

locus may be similarly constructed. ~ 

5 described in the Examples. 

C Transgenes Generated Intracellular^ 
Tn Vi"" Pecom? ^' nation . 

It is not necessary to isolate the all or part of the 
, ?. on a single DNA fragment. Thus, for example, 

rc:;: » r* ^ £ ro, — , 

the 670 830 kd n non-human animal 

« chain locus may he or«a ^ 

during transgenesis. such ing DNA fragments 

„ proaucea hy ™ t ° h ;°::;. huM ;Li»al. The 

into an embryonic "™ °/ ' ts have DNA sequences 

^TJ^l" homologous.' upon exposure to the 
kinases contained ^^^^ ^oper 

It is to be understood, however, that in_vivo 
transgene construction can he used to form any nu^er of 

i-o nenerate immunoglobulin transgene 
useful to geneiav-c , vac vectors 

than DNA fragments which may he manipv at ™ v 

(Hur ray and s.ostaX «l..3). B» ^- 89 into . 

30 ^ transgene cons, ^« ^"^noglchulin loci 

constructed libraries containing 50 200 kb . 

Q f fi987), science, 236, 806 81^, 

35 YAC vectors (BurXe, et al. ^'^^^ se, 5898- 
Traver, et al. (1989), proc. ^' ^TIZ^ac libraries 
, on „ and US ed polyamine condensation to produce YAC 
5902) and used p y imate ly 1000 kb (McCormick, 

ranging xn size from 200 t pp. - - - ^ 9991 . 9 s 95 ) , 



et al. 
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. * m6nts covering substantially more than 
multiple overlapping fragments cover ^ ^ 

zzzz r - ire^iAo ^ — 

. ■ u^ nln(to us recombination may also be 

„ the preferred embodiments utilizing iXL^ 
* ™ MC h overlapping DNA fragment 
L0 transgene construction, each ever hom ologous DNA 

preferably has an ^^^1™ £r agment and the 
S T nC :irra rr^*. -h overlapping 

» « about 2000 bp. most ^ f l ra ;r n t s t: forttransgenes 

recordation of overlapping DNA fragment , 

•„„ f= further described in commonly assignee u 
i!1J ^. „ entitled "Intracellular Generation of DNA by 
Application entitled xhu .. , AUC mst 29, 

Homologous Recombination of D K A Fragments filed 

20 1990, under 0. S.S.N. 07/574,747. 

D ' K - m TtS^, - *~ ..immunoglobulin minilocus.. 
refers to a DNA sequence (which may be within , > onger 

> „=„»llv of less than about 150 Kb, typi<- > 
25 sequence), usually ol the 
about 25 and 100 Kb. containing at least one 

„„i triable (V) gene segment, a 
following: a functional variable ( > g constant 
functional fining ,J> region segment, a ^ ^ 

(C) region ^ ^ ~ m segment , such that said DNA 

30 -a functional ™ity ( > J alscon tinuity (e.g., 

sequence contain ^ f * ^ ^ 2 to 5 tt , preferably 10- 
. deletion, usua y °^J^ bMoas , en0 mic DNA 

" r/e, 1 " 0 A'lig t chain minilocus transgene will be at least 
sequence) . a ngnv. heavy chain 

35 25 Kb in length, typically 50 to 6 Kb A h y 

transgene will typically be abou 70 « » ^ regions 
preferably at least about 60 Kb with ^ ^ 

operably linKed to switch regions, versus at 
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•«h a single constant region and incomplete switch regions, 
r^ rTe the individual events o. *h. - 
preferahiy in «- ,-Une con.igurat « P* - 
und oing gene J^^^^".^- with 

■ %zrj£ icies — * *. — 

Bi nilo=u S transgene. w th reg tr ansgene 
heavy chain transgene, it is prefer 

contain at least one , gene segment and at east 
5 constant region gene segment ^ \„ , llw fot 

=^1: -her constant^ gene stents ; ay also 
be used such as those which encode for the p 
WA '"he heavy chain J region segments in the human 
comprise si X actional , segments - ^^^ 

25 mustered in a 3 * these segments together 

compact size and the ah i ity ^ $ ^ ^ ^ ^ „ 

with the » gene and the 5 P ,,.„,,.,. nioshvs,. 

tt srix/spex fragment sado al SS, , h ___-^- 

ES£ ^ SEEi ' ^ent le us d n the mini-locus construct. 
3„ region gene s g» nts h . » ^ ^ ^ ^ { ge _, 

IHI lively Tcontal all of the cis-linKed regulatory 
lt is likely to ovr ™ sio n. Furthermore, because this 

elements required for , ifc contains the he avy 

fragment includes the entire J region, 

and the u switch region (Mills, et i 
35 «T o yancopoulos and Alt ,1,86), ^ 

^' 9«8V It a!so contains the transcription 
Immunol^, 4, 339-368). ^ <» - nrinarv 

^TTItes which trigger VDJ joining to form priBar, 
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10 



15 



repertoire B-cells <*ancopoulos and Alt (1985). Sell, 42. 
m-2.1). Aitematively, a 36 kb BssHII/Spell '^•*" h 
includes part- on the D region, may be used in place of the 23 
» Bfil/^Il fragment. The use of -oh .. fragment — 
1 — of flanking seance to facilitate efficient 

D-to-J joining. of 4 or 5 homologous 9 kb 

The human D region consists or 4 or 
subregions, linked in tandem (Siebenlist, et al. (1981), 
Nature 294,631-635). Each subregion contains up to 10 

iS; u tr; *- <* — s ^ ents have been 7 p t : 

and are shown in Fig. 4. Two different strategies are used to 
generate a mini-locus D region. The first strategy involves 
using only those D segments located in a short contiguous 
stretch of DBA that includes one or two of the repeated D 
subregions. A candidate is a single 15 Kb fragment that 
contains 1, individual D segments. This piece of DNA consists 
of 2 contiguous EcoRI fragments and has been «^»^» 
sequenced (Ichihara, et al. (1988), EBBSUU, 1, 4141-4150) . 
Twelve D segments should be sufficient for a P»«* 
repertoire. However, given the dispersed nature of the D 
region, an alternative strategy is to ligate together several 
non-contiguous D-segment containing fragments, to produce a 
smaller piece of DNA with a greater number of segments. 

At least one, and preferably more than one V gene 
; segment is used to construct the heavy chain minilocus 
transgene. A 10-15 Kb piece of DNA containing one or two 
unrearranged V segments together with flanking sequences is 
isolated. A clone containing such DNA is selected using a 
probe generated from unique 5> sequences determined from the 
0 transcribed V region of a characterized human hybridoma such as 
thi: which produces anti-cytomegalovirus antibody (Newkirk * 
el. (1988) * invest.. SI, 1511-1518). The 5 

^translated sequence of the heavy chain mRNA is used to 
construct a unique nucleotide probe (preferably about 0 
,5 nucleotides in length, for isolating the original germline V 

segment that generated this antibody. Using a V segment that 
- is known to be incorporated in an antibody against a known 

antigen not only insures that this V segment is functions , bu. 
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::::: r:::::: n ;::;i — — - 

produce a mini-locus heavy chain transgene. 

numbers of V region segments, are tested transgen e 

1307-1312) or the aforementioned in vivo 

v reaion repertoire (descrioea 
Alternatively, a synthetic V region r p 

herein *n^nUor chain transgene may be similarly 

constructed from the human > or ^very^mUar « 

!0 construction of a . light chaxn « 

construction of the heavy chaxn ^27jJZZ, complexity, 
much siller because of rts smaller sxze and 

Th e human . locus contains only one con stant reg on J. ^ ^ 
ana this segment, together an 3 e ^ ^ 

25 of the functional J segment , ca be sol ^ 

DNA fragment. This fragment xs """""f^ ' fte chaln 
minilocus V region constructed as described for 

BinUOCUS T hus, for example, an immunoglobulin heavy chain 

*-\ -f pbnut 7 5 kb, encoding 
30 minilocus transgene construct, e.g., of about 7^ 

V D J and constant region sequences can be formed from 

iuLity of DNA fragments, at least two three or ou o^ 
which each are either a V region region 
a j and constant region sequence, a D ana 
35 sequence or a constant region sequence, with each sequence 

::r n g — - 

Preferably, "the sequences are operably linked to 
regulatory sequences and are capable of undergom, 
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rearrangement. With two or more appropriately placed constant 
region sequences (e.g., n and 7 ) and switch regions, switch 
recombination also occurs. An exemplary light chain transgene 
construct similarly formed from a plurality of DNA fragments, 
, substantially homologous to human DNA and capable of undergoing 
rearrangement will include at least two, three or four DNA 
fragments, encoding V, D and constant regions, each fragment 
comprising either a V region sequence, J and constant region 
sequence or a constant region sequence. 

E. Methods for Determining Functional 
V Gene Segments and for Generating 
S ynthetic V Secrme ^ Repertoire 

Of the various families of gene segments, i.e., V, D, 
J and C region gene segments, the number of V gene segments 
generally far surpasses the number of corresponding gene 
segments for the D, J and C region gene segments. By analogy 
to the rabbit system wherein a single V gene segments is 
utilized by approximately 90% of the antibodies produced 
(Knight and Becker (1990), Cell, 60, 963-970), it is possible 
to produce heavy and light transgenes containing a limited 
number of V region gene segments, and as few as one V region 
gene segments. Therefore, it is desirable to have a method to 
determine which V region gene segments are utilized by a 
particular organism, such as the human being, when mounting an 
immunoglobulin-mediated immune response. According to this 
approach, a single V gene segment when combining with the J or 
DJ gene segments is capable of providing sufficient diversity 
30 at CDR3 for the generation of a primary repertoire which upon 
somatic mutation is able to provide further diversity 
throughout the variable region, e.g. at CDR1 and CDR2 for the 
production of high affinity antibodies. 

In this aspect of the invention, methods and vectors 
35 are provided for determining which V gene segments are commonly 
utilized by an organism during an immune response. This method 
is based on determining which V segments are found in cDNA 
synthesized from B-cell polyA + RNA. Such methods and vectors 
may also be used to facilitate the construction of a synthetic 
40 V segment repertoire. 
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The outline of this strategy for identifying heavy 
chain V segments and for generating a synthetic V segment 
repertoire is depicted in Fig.s 5 and 6. It is similarly 
applicable for identifying light chain V segments with 
5 appropriate modification. The first step is the construction 
of a cloning vector. The preferred starting material is a DNA 
fragment (approximately 2 kb) containing an unrearranged V 
segment together with 5' and 3' flanking sequences. This 
fragment is cloned into a plasmid such as pGPl or P GP2 
10 described hereinafter containing a polylinker site flanked by 
the rare cutting restriction sites designated «W and "z» in 
the Figs. 5 and 6 (the polylinkers and restriction sites of 
pGPl and P GP2 are described in the Examples) . Oligonucleotxde 
directed mutagenesis is then used to introduce two new 
15 restriction sites, »x« and »y» (generally each about 6 
nucleotides in length) . Restriction site »x» is placed 
approximately 20 nucleotides from the 3- end of the intron 
between the signal and V segment exon. Restriction site y is 
placed approximately 20 nucleotides 3- of the V segment 
20 junction, within the 23 bp spacer between the heptamer and 

nonomer recombination signal sequences. Cutting the resulting 
plasmid with enzymes "x» and "y» removes the second exon (V 
segment), leaving the 5- flanking sequences, the V region 
promoter, the signal peptide exon, the intron, a gap flanked b, 
25 »x» and «y ends, the outside half of the recombination signal 
sequence, and the 3- flanking sequences. This plasmid is 
called pVHl. 

The second step is the synthesis of four sets of 
oligonucleotide primers, PI through P4 . PI and P2 are 
30 non-unique oligomers having approximately 50 nucleotides each 
which are used to prime double stranded cDNA synthesis. PI 
starts (going 5' to 3') with about 20 nucleotides of sequence 
homologous to the antisense strand of the recombination signal 
sequence in pVHl (including the recognition sequence of 
35 restriction enzyme «y») , and continues with approximately 30 
nucleotides of antisense sequence hybridizing with about the 
" last 30 nucleotides of the VH framework region 3 (FR3) . Randor. 



bases are incorporated over about the last 3 0 nucleotides s 
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to generate a set of primers that ' 
different VH families. The second oligonucleotide. P2 is in 
the sense orientation, and is homologous to the approximately 
fonudeotides beginning with the restriction >» 
This includes the »x» restriction site, about the last 20 
nucleotides of the intron, and about the first 30 nucleotides 
of Z .gain, about the last 30 nucleotides are non-unique so 
as to accommodate different VH region segments. 
Oligonucleotides P3 and P4 are homologous to about the first 20 
nucleotides of Pi and P2 respectively. These oligos are unique 
so as to avoid introducing new mutations into the V segments 
and are used to amplify double stranded cDNA by way of the 
nolvmerase chain reaction (PCR) . 

The 3. terminal portions of primers PI and P2 which 
are capable of hybridizing to and priming the synthesis of the 
variable segments of the heavy or light immunoglobulin locus 
..ay be readily determined by one skilled in the art. For 
example, the nucleotide sequence for a number of human VH 
genes have been published, see e.g. Herman, J.E., et al. 
(1 988), EMSfi J., 2, "7-738 and Kabat, E.A.. et al. (1987), 
-. .,..„■.. of Pr -"- lnai^ interests , U.S. Dept. 

Health s Human .J^T^^^^ 1 " 1 *; -hen used 
to identify and/or generate V segments of the human light 
immunoglobulin locus, the appropriate 3' sequence portions 
primers PI and P2 -ay readily be determined from published 
sequences. See e.g Kabat, E.A., et al., supra. In general, 
'hi nucleotide positions which are conserved amongst var us 
V segments are also conserved in the 3' portion of the PI and 
P2 primers. For those nucleotide positions wherein variation 
, is observed amongst variable segments, such nucleotide 

positions in the corresponding PI and P2 primers are .» larly 
varied to provide >1 and P2 primers which comprise a pool of 
primers which are capable of hybridizing to different Vh or 
segments. ^ ^ ^ ^ ^ ^ ^ ol . gQnucleotide primers 

to generate a library of human heavy-chain V-region c»» 
sequences in the vector pHVl. »1 is used to prime first strand 
CDHA synthesis from human B-cell polyA + RN*. The RHA is base 
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hydroxy^, ana secona ^ IcryllmiL 

length, aoubie rr aea coH, is 7 -- £ r polyBerase chaln 

COnVentl0na i; e r r aot or The amplified proauct ^proximately 
the PI pnmea « a "°* . cleaved wltn restriotion.enzjn.es 

0 3 kb) is then gel purified. 



.. x .. an a ..y". ana clonea into pHVi. , synthetic 

ThS reSU r; a n ri a re regtn segments and offers three 
genomic library of variable regi y variable 

segments. ^ up t » 50 % pseudogene 

conventional library woul ^ ^ thM 

5 sequences. Second, the ^"^etl al v BegBent per 

. conventional Ubrary ^ ^ ^ 

2 tt of DNA. as opposed t one ^ 
Finally, this approach leaves tne * 
.ccessib. to .a , la Uon. ^ ^ ^ ^ ^ 

20 * rtifferential expression. The 

qermline V segments b« .cause o ^dlfferen^ ^ ^ ^ ^ 

two sources of bias are > seleotion of v segBe nt 

recombination, and u ai ^ ^ ^ ^ 

expressing B-ceU clones. ™ ^ avoided as a source 

25 with in two ways. First f pronounced m the feta! 

of B-=ell >». as the bias is m p primers , pl 

immunoglobulin repertoire. \ seleotiV ely 

^ B LS^t."^S "segment families. .hese 
cross-hybridizes wn- separate libraries, 

^ fhpn used to generate 4 to 6 sepai. 
30 primers are then usea y . ., ies are 

. o-i. *• *n of the V region families are 
thus insuring that all of the v g differentia l selection 

The second source of bias, aii-i- 
represented. The seco analogous ways. 

of B -cell - : - minimum fraction of 

First , a sourc °* ™^ nodes and sple en are 

" ^ ^ Ta t bone marrow is one source of unselectea 
avoiaea. Mult do proportion of 

B-celis. However, it may contain a high pr P 
transcribed pseuaogene sequences from pre B 
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source of BHA is whole blood. Ninety percent =£ circulating 
B-cells are Mature , or « expressing ceils, ana are recent 
bone marrow migrants. However, the level of ant lg en selected 
IgG pressing cells can vary depending on the immune state 
s tne individual. Therefore, isolated polyA + KNA is checked for 
selected B-=ell sequences by northern blot hybridization with , 
specific probes. If it is more practical to use spleen KM*, 
and if this » contains a high fraction of ^."^"'^ 
second approach is used to minimize selection bias. The first 
L0 strand of cDNA synthesis is priced with about a 40 nucleotide 
constant-region exon 2 primer that is specific for IgM 
transcripts. Second strand syntheses is then primed with P2. 
an* a third round of synthesis primed with Pi. The c D »A from 
this third round of synthesis provides the template for PCR 

15 amplification using P3 and P4. 

Once the variable region library has been generated, 
the V segments used therein may by identified by standard 
Technic^, e.g. by way of sequencing and/or ^ridizat.on w.th 
family specific or segment specific oligonucleotides as well as 
?o differential amplification by PCR methods. Such 

characterization of the V segment library provides in— 
as to the frequency and distribution of V segment utilization 
in a particular organism and as a consequence, the 
identification of V segments which may be used in the 
25 construction of the various transgenes of the invention Thus , 
one or more predominant V. gene segments may be used in 
above described mini-locus transgene construct, further, 
selected clones from such a library may be used to identify 
genomic fragments containing frequently used V segments to 
30 facilitate identification of genomic fragments containing a 

particular desired V segment. 

in addition, a synthetic V segment repertoire may be 

constructed by concatenation of the library "V"""- **** 
repeating transgene tandem arrays, containing ^edsof 
35 copies of the injected sequence, are commonly generated in the 
Paction of transgenic mice. These tandem arrays are usually 
quite stable.- However, to ensure the stability of the 
synthetic V region, blocKs of random MA between each 2 Vx . 
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r^ferablv introduced. These blocks of 
regi on segment are prefe rably i religating 

random DNA are prepared by of dominant 

gen0 mic DNA so as to preve be ^ ^ ^ digested yith 

regulatory elements. G Haelll, 

a.*.'^^ roc tri ction enzymes: Aiui, uyu± , 
' £ T;rtu a -Tr -es Hunt ended fragments wit, an 
and Rsal. This digest v in the size range 

a „ length of — -/-t^- -1, - 

i^rsr. - — ;r:r:.r: rs 

the vector used to 9-«ate pVHl- ^ ^ 

^ ^nT to a synthetic V se^ent 

synthetic v 1 -ry ubrary aM 

.5 repertoire. Inserts tro purified auay froir. 

■ Pleased with the e = « an * ^ y ^ llbrary 
vector sequences. Inserts from y puri fying the 

are isolated by cutting with «w and z nfcestinal 

this DNA is treated with can inue 
V segment inserts, this DNA inserts 

rpu^c liaation mixture is s^ze seie^ 
repertoire Tins W microinj ected 

» =v» — — - . 

to take advantage of the fact tna ^ 
30 « ndeI \ ar " yS " tively the synthetic V se^ent repertoire 

tranS9ene ' A synthetic light chain immunoglobulin segment 
35 repertoire Jy constructed using appropriate 

primers for the light chain locus. 
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Functional Disruption of 
P nHn ge noi- T^miinoalobul in Loci 

The expression of successfully rearranged 

„ n„w fr-s-nes is expected to have a 

immunoglobulin heavy and light tr-..s„ * 

Ilnant effect by suppressing the rearrangement of the 
dominant effect oy transgenic nonhuman 

endogenous immunoglobulin genes m the transg 
ei y _ ,, a „ aenerate a nonhuman that is 

animal. However, ^^s^7yl^ *»• - W 
devoid of endogenous antibodies - V ^ 

, immunoglobulin ^^f^enous immunoglobulin 

homologous recombination, the en g ui describes 

^ rhnrts disclosed, however, can be readily 
The vectors and methods aisciobeu, 

a gene. by homologous recombination, in a P-*^» 

Jat is capable of ««^'^ ^ * " " 

DNA construct that ^™2,T^ ™e ™^ <>< ****** 

Ilbines with the endogenous copy of the mouse gene, 
replfc ing i" with the altered co PY . Cells containing the newly 
peered genetic lesion are injected into a of 
25 emlryo. which is reimplanted into a recipient em • « 

these embryos develop into chimeric mice ^^""^^ 
.„ns entirely derived from the mutant cell line. Thereto 
cells entirely oossible to obtain a new 

30 by Capecchi (1989), Science, 2M, 1288-1292). 

tnnuse A locus contributes to only 5% of 
Because the mouse a 

. * inactivation of the heavy chain and/or 

the immunoglobulins, inactiva^ 

liaht chain loci is sufficient. There are three ways to 

I Z of these loci, deletion of the J region, deletion 
disrupt each of these disrupt ion of constant region 

35 of the « intron enhanc ^ codon . The lMt 

TeX preventing class switching to any of the functional 
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heavy chain segments. The strategy for knocking out these loci 

is outlined below. 

To disrupt the mouse » and k genes, targeting vectors 
are used based on the design employed by Jaenisch and co- 
5 workers (Zijlstra, et al. (1989), Nature, 342, 435-438) for the 
successful disruption of the mouse 02-microglobulin gene. The 
neomycin resistance gene (neo) , from the plasmid pMCIneo is 
inserted into the coding region of the target gene. The 
pMCIneo insert uses a hybrid viral promoter/ enhancer sequence 
10 to drive neo expression. This promoter is active in embryonic 
stem cells. Therefore, neo can be used as a selectable marker 
for integration of the knock-out construct. The HSV thymidine 
kinase (tk) gene is added to the end of the construct as a 
negative selection marker against random insertion events 

15 (Zijlstra, et al., supra . ) . 

The targeting vectors for disrupting the heavy chain 
locus are illustrated in Fig. 7. The primary strategy for 
disrupting the heavy chain locus is the elimination of the J 
region. This region is fairly compact in the mouse, spanning 

20 only 1.3 kb. To construct a gene targeting vector, a 15 kb 

Kpnl fragment containing all of the secreted A constant region 
exons from mouse genomic library is isolated. The 1.3 kb J 
region is replaced with the 1.1 kb insert from pMCIneo. The 
HSV tk gene is then added to the 5- end of the Kpnl fragment. 

25 Correct integration of this construct, via homologous 

recombination, will result in the replacement of the mouse J H 
region with the neo gene (Fig. 7). Recombinants are screened 
by PCR, using a primer based on the neo gene and a primer 
homologous to mouse sequences 5' of the Kpnl site in the D 

30 region. 

Alternatively, the heavy-chain locus is knocked out by 
disrupting the coding region of the M gene. This approach 
involves the same 15 kb Kpnl fragment used in the previous 
approach. The 1.1 kb insert from pMCIneo is inserted at a 
35 unique BamHI site in exon II, and the HSV tk gene added to the 
3- Kpnl end. Double crossover events on either side of the nec 
insert, that eliminate the tk gene, are then selected for. 
These are detected .from pools of selected clones by PCR 
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amplification. One of the PGR primers is derived from neo 
sequences and the other from mouse sequences outside of the 
targeting vector. The functional disruption of the mouse 
immunoglobulin loci is presented in the Examples. 

5 Transgenic Non-Human Animals Containing Rearranged 
™ JLnhnlir Una " Y T,iaht. Transgenes 

A premise underlying the previously discussed 
LO transgenic animals containing unrearranged mini-locus Ig 
transgenes is that it is possible to generate a complete 
antibody repertoire without including all of the variable gene 
segments found in the natural immunoglobulin locus. 
Theoretically, it is possible to reduce the number of different 
15 sequences that contribute to the primary repertoire without 

reducing the secondary repertoire. As long as there is enough 
diversity in the primary repertoire to trigger a T-cell 
dependent response for any given antigen, somatic hypermutation 
should be capable of delivering a high affinity antibody 

20 against that antigen. 

This concept is taken a step further in this aspect of 
the invention wherein a full heterologous antibody repertoire 
is generated entirely by somatic mutation. The antigen 
combining site is created by the interface between the 
25 amino-terminal heavy chain domain and the amino-terminal light 
chain domain. The CDR1, 2 and 3 residues within each of these 
domains that interact with the antigen are located on three 
different loops that connect fi strands. As previously 
described, these regions have the greatest sequence diversity 
30 between different antibody molecules recognizing different 
antigens. Thus, the antibody repertoire is determined by 
sequence diversity at CDR1, 2, and 3. The diversity at CDR1, 2, 
and 3 that gives rise to a complete antibody repertoire comes 
from three sources: recombinational diversity, junctional 
35 diversity, and somatic mutation. Recombinational diversity at 
CDR1 and 2 comes from the choice of different V segments 
containing different CDR1 and 2 sequences. Recombinational 
diversity at GDR 3 comes from the choice of different D and 3 
segments. Junctional diversity contributes only to CDR, 
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diversity, while somatic mutation, acting across the entire v 
region, contributes to diversity at all three coBpli.entar.ty 
determining regions. ^combinational and junctional diversity 
.„™ther constitute the diversity of the primary repertoire 
;;ig. !). Thus VDJ joining generates a set of IgH expressing 

primary B-cells. 

Any primary repertoire B-cell that expresses a cell 
surface IgM molecule with a certain minimal affinity for a 
foreign antigen, internalizes that antigen as IgH and cycle off 
11 cell surface. The antigen is then processed and »£°»»< 
peptides are presented on the cell surface by class n MHC 
molecules. !f enough foreign antigen is presented at the cell 
I face this, triggers a T-cell response that in ™\TZ s l 
the T-cell dependent maturation of the B-cell. This is the 
call ed secondary response ,Fig. S) . Part of this response 
involves the hypermutation of the variable portion of the 
immunoglobulin genes. Thus a B-cell clone ^»°"* ' 
secondary response constantly gives rise to new 
altered immunoglobuiin molecules. Those clones with higher 
affinities for the foreign antigen are selectively expanded by 
„„.„„ T . ce lls giving rise to affinity maturation of the 

I sld ntibody. Because somatic hypermutation ta.es place 
across the entire V region, there is no theoretical limit to 
the process of affinity maturation. 

in this aspect of the invention, CDR1 and 2 diverse 
is not necessary for generating a complete antibody response. 
Rather, diversity at CDR3, created by V, and VD, fining 
provides sufficient minimal affinity to trigger the T cell 
pr . . to high affinity antibodies 

dependent maturation to give rise to nig 

for a large number of different antigens. Thus, methods and 
transgenic animals are provided for generating a broad antibody 
ripe toire without primary diversity. Such diversity relies on 

somatic mutation for the generation °* ™^ 

o o-f affinity maturation, somatic mutation 
n„ r ina the process or aiiinity BCU - U 
35 ves'rise to a large number of clones with iower ^.t her an 
higher, affinities for the stimulating antigen. Mos. of these 
clones are not selected for and die off However i * on. 

= = a ffinitv for a new antigen that is also 
these clones has arrini^i lul 
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present, this clone expands and undergoes affinity maturation 
for the new antigen (Fig. 9). In this aspect of the invention, 
a transgenic non-human animal, such as a mouse, with rearranged 
human heavy and light chains combine to form an antibody that 
5 has a low affinity for a known antigen. If this animal is 
injected with the known antigen, its B-cells undergo a 
secondary response leading to the production of high affinity 
antibodies for that antigen. However, if this mouse is first 
injected with a mixture of the known antigen and a new antigen, 

10 and then subsequently challenged with the new antigen alone, 
high affinity antibodies against the new antigen are produced 
by the branching process described above. This approach has 
two major advantages: first the transgene constructs are easy 
to generate; and second, the rearranged transgenes are capable 

15 of allelicly and isotypically excluding the rearrangement of 
the endogenous mouse genes, thus making it unnecessary to 
eliminate those genes by homologous recombination as previously 
described. 

The first step in this embodiment of the invention is 
20 the isolation of rearranged heavy and light chain genes from a 
human hybridoma that expresses an IgM antibody directed against 
a known antigen. The ideal hybridoma recognizes a readily 
available antigen that is capable of generating a good mouse 
T-cell response. There are a number of such human hybridomas 
25 in existence, including several that react with promising 

antigens such as tetanus toxoid, pseudomonas, or gram negative 
bacteria (reviewed by James and Bourla (1987), J. Immunol. 
Methods . . 100, 5-40) . The entire rearranged heavy chain gene 
is isolated on a single piece of DNA (approximately 20 kb) 
30 while the rearranged k light chain gene, including the 3 1 

.enhancer, is isolated on a second DNA fragment (about 20 kb) . 
Each of these fragments are pieced together from clones 
isolated from a phage A library made from DNA isolated from the 
hybridoma. Two constructs are generated, a heavy chain 
35 construct and a light chain construct. 

The heavy chain construct (Fig. 10) consists of the 20 
kb hybridoma fragment, containing the rearranged IgM gene, 
ligated to a 25 kb fragment that contains the human -7 3 and -I 
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constant regions followed by a 700 bp fragment containing the 
rat heavy chain 3' enhancer (Pettersson, et al. (1990), Nature , 
344 , 165-168) . The light chain construct consists of the 
intact 20 kb piece of DMA containing the .rearranged k chain and 
3' enhancer. These two constructs are coinjected so that they 
are integrated at a single site in the mouse genome. 
Transgenic mice are tested by Northern blot analysis for 
expression of the transgene mRNA. FACS analysis is then 
carried-out on tail blood samples to detect cell surface 
expression of the transgene encoded protein. Mice are then 
immunized with the antigen recognized by the original 
hybridoma. ELISA and FACS analysis are carried out on tail 
blood to detect class switching. Finally, the mice are tested 
for their ability to respond to a number of different antigens 
15 by co-injecting a panel of antigens together with the original 
antigen. Tail blood are analyzed by ELISA to detect the 
production of high affinity human IgG antibodies directed 
against individual antigens. 

To use this transgenic mouse to generate human 
20 antibodies directed against a given antigen, that antigen 
preferably is first coinjected together with the antigen 
associated with the hybridoma from which the genes were 
isolated. This hybridoma associated antigen is referred to as 
the co-antigen (sometimes as a second antigen), and the new 
25 antigen simply as the antigen (or first antigen). If possible, 
the second antigen is chemically cross-linked to the first 
antigen prior to injection. This causes the first antigen to 
be internalized and presented by the primary transgene 
presenting B-cells, thus ensuring the existence of a pool of 
activated helper T-cells that recognize the first antigen. A 
typical immunization schedule is as follows. Day l: Mice are 
injected ip with first antigen mixed with, or cross-linked to, 
second antigen in complete Freunds adjuvant. Day 14: first 
antigen (without second antigen) is injected ip in incomplete 
Freunds adjuvant. Day 35: repeat injection with first antigen 
in incomplete Freunds. Day 45: Test for antibody response by 
ELISA on" tail blood samples. Day 56: repeat injection of- good 
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responders with antigen in incomplete Freunds. Day 59: Fuse 
spleens of good responders. 

in an alternate aspect of this invention, the antigen 
^cog-zed by the hybridoma from, which the ig genes were 
5 "isolated, is used as an immunogen. New transgenic hybridomas 
are then isolated from the immunized animal that express 
somatically mutated versions of the original antibody. These 
new antibodies will have a higher affinity for the original 
antigen. This antibody "sharpening" procedure can also be 
10 applied to antibody genes generated by CDR grafting (E.P. Pub. 
No 239400, published Sept. 30, 1987) or isolated from 
bacterial (W.D. Huse et al. (1989) Science, 246, 1275) or phage 
(T. Clackson et al . (1991) Nature, 352, 624) expression 
libraries . 

15 

Transgenic Non-Human Animals Containing 
Rearranged and prearranged Immunoglobulin 
Hoa v Y and/ ™- T.iaht Transgene 

20 Tne previous embodiments described the use of fully 

rearranged or fully prearranged heavy and light immunoglobulin 
transgenes to produce transgenic non-human animals capable of 
producing a heterologous antibody. In a further aspect of the 
invention, transgenic animals contain at least one rearranged 
25 and at least one unrearranged immunoglobulin transgene are 

produced by utilizing any of the aforementioned unrearranged 
and rearranged transgenes in combination to provide heavy and 
light transgenes in the transgenic animal. In this regard, the 
unrearranged transgene may comprise a heavy or light genomic or 
30 mini-locus transgene construct with the rearranged transgene 
comprising an appropriate rearranged transgene. For exam pie 
if a unrearranged mini-locus light chain transgene is used, the 
appropriate other transgene is a fully rearranged heavy chain 
transgene. It is preferred, however, that the rearranged 
35 transgene comprise a rearranged immunoglobulin light chain 
transgene and that the unrearranged transgene comprise an 
immunoglobulin heavy chain genomic or mini-locus transgene, 
most preferably an unrearranged heavy chain transgene with 
associated A and y constant regions. 
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The combination of rearranged and prearranged 
tr ansgene provides an intermediate level of diversity within 
the primary repertoire B-cells. Thus, although primary 
diversity at CDl. CD2 and CD3 in the rearranged transgene is 
fixed n the primary repertoire B-cell, the primary *-.r.xty 
Z I CDKI, CDR2 and CDR3 produced by the rearrangement of the 
^rearranged transgene provides a population of primary 
repertoire of B-cells having greater potential 
the B-cell clone obtained when rearranged heavy and light 
transgen are used. Such primary diversity provides broadened 
secondary diversity when such cells respond to foreign antigen 
by way of somatic mutation. 

nucleic acid s. the term "substantial homology" 
indicates that two nucleic acids, or designated sequences 

he f, when optimally aligned and compared, are identical, 
with appropriate nucleotide insertions or deletions in at 

Let "out SO, of the ^ ^ 5 f ft Z' 

to 95%, and »ore preferably at least about 98 to 
nucleoUdes. Alternatively, substantial homology exists when 

he seUnts will hybridize under selective hybrid- tx on 
conditfons, to the complement o £ the strand. The nu e c 
»av be present in whole cells, in a cell lysate, or in « 
"rtially purified or substantially pure for,. X nucleic acid 
fs "isolated" or "rendered substantially pure" when purged 
awaY fro, other cellular components or other contaminants 
eg other cellular nucleic acids or proteins, by standard 
technics, including alxaline/SDS treatment, CsCl banding 

Chromatography, agarose ge! -^^"^^ 

a-ri- See. F . Ausubel, et al., ea. k4 

.terscience, ^^^^ o£ , he present 

, invention, while often in a native sequence <««*j« 

modified restriction sites and the liKe, , rem ^ 

genomic or mixtures may be mutated, thereof m 

standard techniques to provide gene sequences. For coding 
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sequences, these mutations. Bay affect amino acid sequence as 
deslreo In particular, DNA sequences substantially homologous 
to " r alrive/frc native V, D, J. constant, switches and other 
such sequences described herein are contemplated <«-" 
.•derived" indicates that a sequence is identical or modified 

from another sequence). t 

A nucleic acid is "operably linked" when it is placed 
into a functional reiationship with another nucleic add 
sequence. For instance, a promoter or enhancer is operably 
sequoia .ffects the transcription of 

, linked to a coding sequence if it affects the h 
tb. sequence. with respect to transcription regulatory 
sequent, operably linked means that the DNA sequences being 
sequences, t> necessary to join two protein 

linked are contiguous and, where necessary 

coding regions, contiguous and in reading frame. For switch 
3 seances! operably linked indicates that the sequences are 
capable of effecting switch recombination. 

■~ nrrif j^ PrAfprred P^bodiments 

A preferred embodiment of the invention is an animal 
. sin „ie copy of the transgene described in Example 

tralsgeni described in Example 16, and the offspring bred with 

"deleted animal described in Examples * and „ Anima s 

are bred to homozygosity for each of these three traits. 

25 animals have the following genotype: a single copy (per 

haloid- set Of Chromosomes, of a human heavy chain unrearranged 

in Pvamnle 14), a single copy (per 
mini-locus (described m Example , ^ 

0 * a rearranqed human k light cnam 

haploid set of chromosomes) of a "-rang 

construct (described in Example 16), and a deleti 
30 endogenous mouse heavy chain locus that removes all 

functional OB segments (described in Examples , and 2 , ^ such 
animals are bred with mice that are homozygous for th deiet 
of the JH segments (Examples 9 and 12) to produce °«^ing 
that are homozygous for the JH deletion and hemizygous for the 
35 human neavy anl light chain constructs. The 

are injected with antigens and used for production of human 
monoclonal antibodies against these antigens. 
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B cells isolated from such an animal are monospecific 
with regards to the human heavy and light chains because they 

l^on:, a single copy of each gene. - 
V U1 be monospecific with regards to human or ^"•»"^ 
chains because both endogenous mouse heavy chain 
are nonfunctional by virtue of the deletion spann n, the 
region introduced as described in Example 9 and 12. 
ru^ore, a substantial fraction =f the B cells , wU be 

• fir „ itn re „ards to the human or mouse light chains 
monospecific with regar rearran ged human * 

r c r:h:r;::rwi e x z — - 

rin— of the endogenous mouse . and lambda chain genes 
ir. » sianificant fraction of B-cells. 

m a signm oreferred embodiment will 

The transgenic mouse of the prereri 

exhibit immunoglobulin production with a significant 

rep r oire, ideally substantially similar to that of a native 

mouse Thus, for example, when the endogenous Ig genes have 

been inactiv ted. the total immunoglobulin leveis will range 

from about 0.1 to xo mg/ml of serum, preferably 0.5 to 5 mg/ml 

mucn lower in the immature mouse. In general, greater than 
about 10*, preferably 40 to 80% of the spleen and lymph node B 
eX nress exclusively human IgG protein. 

The repertoire will ideally approximate that shown m 
a non-transgenic mouse, usually at least about 10% as high, 
Leferably 25 to 50% or more. Generally, at least about a 
To d different immunoglobulins (ideally XgO , P"'""^. 
10 < to 10' or more, will be produced, depending P"™"ly =n 
number of different V, J and D regions introduced into the 
Tse genome. These immunoglobulins will typically recogni e 
about one-half or more of highly antigenic protein . ncluding, 
but not limited to. pi--» cytochrome C, chicfcen lysozyme. 
poKeweed mitogen, bovine serum albumin. Keyhole ^ 
Imocyanin," influenza hemagglutinin, staphylc=o=.cus_prote n A., 
sperm whale myoglobin, influenza neuraminidase, ana lambda 
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repressor protein. Some of the immunoglobulins will exhibit an 
affinity for preselected antigens of at least about lO^M" 1 , 
preferably lO'V 1 to lO^M -1 °r greater. 

Although the foregoing describes a preferred 
embodiment of the transgenic animal of the invention, other 
embodiments are defined by the disclosure herein and more 
particularly by the transgenes described in the Examples. Four 
categories of transgenic animal may be defined: 

I. Transgenic animals containing an unrearranged heavy 
and rearranged light immunoglobulin transgene. 

II. Transgenic animals containing an unrearranged heavy 
and unrearranged light immunoglobulin transgene 

III. Transgenic animal containing rearranged heavy and an 
unrearranged light immunoglobulin transgene, and 

IV. Transgenic animals containing rearranged heavy and 
rearranged light immunoglobulin transgenes. 

Of these categories of transgenic animal, the 
preferred order of preference is as follows I > II > III > IV. 

Within each of these categories of the transgenic 
animal, a number of possible combinations are preferred. Such 
preferred embodiments comprise the following: 

25 Category I 

(a) Example 1 and 2 or 19 and 20 animal bred with 

Example 7 or 16 animal. 

(b) Example 1 or 19 fragment coinjected with Example 

7 or 16 fragment. 

30 ( C ) Example 5 (H, I or J) or 14, 17 or 21 animal bred 

with Example 7 or 16 animal. 

(d) Example 5(H) or 14 construct coinjected with 

Example 7 or 16 construct. 

(e) All of the above bred with the animal of Example 
3 5 9 or 11, 12 or 13. Particularly preferred embodiments are all 

of the above bred the with animal of Example 9 or 12 or 13. 
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(a) Example 1, 2, 19 or 20 animal bred with Example 

#; 3 4. 16, 22 or 23 animal. 

(b) Fragment in Example 1 or 19 coinjected with 

5 fragment in Example 2 or 20. ^ 

(c) Example 5 (H, I or J) or 14 , 1 

with Example 6(B, C or D) or 16 animal. construc t 

(d) Construct 5(H) or 14 coinjected with construct 

6(B) or 16. witn an i m al 

(e) Animal of Example 1, 2, 19 or ^ u 

of Example 6(B, C or D) or 16 " with animal 

(f) Animal of Example 3, 4, 22 or 

of Example 5 (H, I or J) or 14, 17 or 21. Example 9 

(g) All of the above bred with anxmal of Example 9, 

15 10, 11, 12 or 13. 

Catego ry III 

■> ■) a ?5 or 23 animal bred with 
(a) Example 3, 4, 22 or ^ 

M pie s or » ^ ^ is construct coin . ected „ ith 

" EMmPle 8 "r:™*^ fcre* with ani„ai o £ E*a* Pl e 
9 to 13. 

Pato qorV IV 

t t i fi bred with animal of 
30 (a) Animal of Example 7 or 16, brea 

Example 8 or 15. coiniected with 

(b) Construct of Example 7 or 16 collect 

construct of Example 8 or 15. Example 9 to 

(c) All of the above bred with anuai of Example 
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The ioUbwin, is presented by. way of example ^nd is 
not to b e construed as a limitation to the scope of the ciauus 
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ypronns AND MATERIALS 

Transgenic mice are derived according to Began, et 
al., "Manipulating the Mouse Embryo: A Laboratory Manual , 

5 cold Spring Harbor Laboratory. 

Embryonic ste, cells are manipulated accordxng to 

publi shed procedures (Teratocarcinomas and 

cells: a practical approach, E.J. Robertson, ed. , IRL Press 

«. n c 1987- Zjilstra, et al. (1989), Nature, 342, 
Washington, D.C., 1987, Z 3 xl . science, 246, 
LO 435-438; and Schwartzberg , P., et al. (1989), 

799-803 )- * carried out according to J. 

DNA cloning procedures are earned ou 

SambrooK, et al. in Molecular Cloning: A Laboratory Manual 

ed., 1989, Cold spring Harbor Laboratory Press, Cold Sprxng 

" Harb ° r ' "^nucleotides are synthesized on an 
system oligonucleotide synthesizer according to 

provid ed antibodies are manipulated 

20 acc ording H t Y o -Antibodies: A Laboratory Manual. Ed Harlow and 
David Lane, Cold Spring Harbor Laboratory (1988). 

F.y AMPLE 1 

Genomic*^^ 
This Example describes the cloning and 
2 .icroxn^ction of a human genomic heavy chain immunoglobulin 
transgene which is microin je cted into a murxne zygote 

Nuclei are isolated from fresh human placental tissue 
as described by Marzluff, «.F., et al. (1985), "Transcrxptxon 
30 and Translation: A Practical Approach", B.D. Ham.es and 
. R9-129 IRL Press, Oxford). The 

q J Hiqgins, eds. , pp. 89 , ^ R1J 

nuclei (or PBS washed human spermatocytes) are 
r S d d n a 61 low melting point agarose matrix and lysed wxth 
and proteinase . to expose high molecular 
35 which is then digested in the agarose ^^J^o,. in 
enzyme MotI as described by M. Finney & ^ 

Molecular Biology (F. Ausubel, et al.. 
Supp. 4, 1988, Section 2.5.1). 
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Th e NotI digested DNA is than fractionated by pulsed 
field ael electrophoresis as described by Anand, R. , et al. 
field gel eiec y ,4,5-3433. Fractions enriched 

,„.„ , south ern hybridisation to 

for the Not! fragment are assay* , ^ 

5 detect one or »ore of the seguen ^ j 

rtT=^« " S« - representatives of a, 
" 6 ™ flilies .although this fragaen t is identi ied^ » 
fragment fro, «. -U. by ^ an 

10 ^ Zt Ih ose fract ons containing thi. Hot! fragment ,see 
s per» DNA, . Those f ^ ^ of ^ vector 

Fi g. 4, are pooled and clon ^ ^ digMtloB 

pVACNN in veast 0.11.. P SB£ls i^ £ id 5 J S£i , li. 

of pYAC-4 Neo (Cook, H., et al. )■ — - 

15 118 „, with EcoR! and ligation in the presence of 

. . c 1 - AAT TGC GGC CGC - 3 1 . 
oligonucleotide 5 ** T chain NotI fragme nt 

YAC clones containing tne i«a»j 
, ^ ^ = e Scribed by Brownstein, et al . (1989), 
are isolated as described ny ( 1990), Proc 

S£i£n£fi , 2M , 1343- 1 3 5 l and reen E t K ±> 

2 0 ^^^; i f c ; i 1 e 'yeast » by pulse field 
isolated fro. high *. „, opci t. The DNA 

r 1 ,^ of 1 « — and .icroin.ected 

rirecttHnto the nucleus of single cell embryos previously 

25 described. 

PY&MPLE 2 

30 ra , D segments, . segments the . ^^^^^ 
tne 7 constant region (see Fig. 4) 

as described in Example l. fi70 _830 kb NotI 

A 570 kb NotI fragment upstream of the 670 830 Kb 
fragment described above containing multiple copies of VI 
35 though V5 is isolated as describ ed. -an * - 8 
supra detected two 570 kb NotI fragments. Each 
contain multiple V segments. )- 
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The two fragments are coinjected into the nucleus of a 
mouse single cell embryo as described in Example 1. 

coinjection of two different DNA fragments will 
usually result in the integration of both, fragments at the same 
insertion site within the chromosome. Therefore, approximately 
50% of the resulting transgenic animals that contain at least 
one copy of each of the two fragments will have the V segment 
fragment inserted upstream of the constant region containing 
fragment. Of these animals, 50% will carry out v to DJ fining 
by DNA inversion and 50% by deletion, depending on the 
orientation of the 570 kb MotI fragment relative to the 
position of the 110 kb Spel fragment. DNA is isolated from 
resultant transgenic animals and those animals found to be 
containing both transgenes by Southern blot hybridization 
(specifically, those animals containing both multiple human V 
segments and human constant region genes) are tested for their 
ability to express human immunoglobulin molecules. 



F.XAMPLE 3 



Genomic k Light Chain Human Ig Transgene 
20 ^°H °v Tn w^inacua PPonmbination 

A map of the human k light chain has been described in 
Lorenz, W., et al . (1987). Nu^l^id^s., 15, 9667-9677 and 

25 is depicted in Fig. 11. 

A 450 kb Xhol to NotI fragment that includes all of 

Ck the 3- enhancer, all J segments, and at least five 
different v segments (a) is isolated and microinjected into the 
nucleus of single cell embryos as described in Example 1. 

30 

•EXAMPLE 4 

renomic k Light Chain Human Ig Transgene 

35 A 750 kb Mlul to NotI fragment that includes all of 

the above plus at least 20 more V segments (b) is plated" 
described in Example 1 (see Fig- 11) and digested with BssHI, 
to produce a fragment of about 400 kb (c) . 

40 Tne 450 kb Xhol to NotI fragment (a) plus the 

approximately 400 kb Mlul to BssHII fragment (c, have sequence 



WO 92/03918 PCT/US91/06185 

55 

overlap defined by the BssHII and Xhol restriction sites shown 
in Fig. 11. Homologous recombination of these two fragments 
upon microinjection of a mouse zygote results in a transgene 
containing at least an additional 15-20 V segments over that 
5 found in the 450 kb XhoI/NotI fragment (Example 3). 

EXAMPLE 5 

Construction of Heavy Chain Mini-Locus 
A. Construction of pG PI and PGP2 

10 pBR322 is digested with EcoRI and Styl and ligated 

with the following oligonucleotides to generate pGPI which 
contains a 147 base pair insert containing the restriction 
sites shown in Fig. 13. The general overlapping of these 
oligos is also shown in Fig. 13. 

15 The oligonucleotides are: 

Oligo-l 5' - CTT GAG CCC GCC TAA TGA GCG GGC TTT 
TTT TTG CAT ACT GCG GCC - 3 ' 

oligo-2 5' - GCA ATG GCC TGG ATC CAT GGC GCG CTA 
GCA TCG ATA TCT AGA GCT CGA GCA -3 ' 

oligo-3 5' - TGC AGA TCT GAA TTC CCG GGT ACC AAG 
CTT ACG CGT ACT AGT GCG GCC GCT -3' 

oligo-4 5' - AAT TAG CGG CCG CAC TAG TAC GCG TAA 
GCT TGG TAC CCG GGA ATT - 3 ' 

Oligo-5 5' - CAG ATC TGC ATG CTC GAG CTC TAG ATA 
TCG ATG CTA GCG CGC CAT GGA TCC - 3 ' 

oligo-6 5» - AGG CCA TTG CGG CCG CAG TAT GCA AAA 
AAA AGC CCG CTC ATT AGG CGG GCT - 3' 

This plasmid contains a large polylinker flanked by 
rare cutting NotI sites for building large inserts that can be 
isolated from vector sequences for microinjection. The plasmid 
is based on pBR322 which is relatively low copy compared to the 
pUC based plasmids (pGPI retains the pBR322 copy number control 
region near the origin of replication) . Low copy number 
reduces the potential toxicity of insert sequences. In 
addition, pGPI contains a strong transcription terminator 
sequence derived from trpA (Christie, G.E. , et al. (1981), 
Proc. Natl- &™d. Sci. USA) inserted between the ampicillir. 
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resistance gene and the polylinker. This further reduces the 
toxicity associated with certain inserts by preventing 
readthrough transcription coming from the ampicillin promoters. 

Plasmid pGP2 is derived from pGPl to introduce an 
5 additional restriction site (Sfil) in the polylinker. pGPl is 
digested with Mlul and Spel to cut the recognition sequences in 
the polylinker portion of the plasmid. 

The following adapter oligonucleotides are ligated to 
the thus digested pGPl to form pGP2. 

10 

5 1 CGC GTG GCC GCA ATG GCC A 3 1 
5 1 CTA GTG GCC ATT GCG GCC A 3 1 

pGP2 is identical to pGPl except that it contains an 
15 additional Sfi I site located between the Mlul and Spel sites. 
This allows inserts to be completely excised with Sfil as well 
as with Notl. 

B. Construction of pRE3 (rat enhancer 3') 

20 An enhancer sequence located downstream of the rat 

constant region is included in the heavy chain constructs. 

The heavy chain region 3 1 enhancer described by S. 
Pettersson, et al. (1990), Nature , 344_, 165-168) is isolated 
and cloned. The rat IGH 3 1 enhancer sequence is PCR amplified 

25 by using the following oligonucleotides: 

5 » CAG GAT CCA GAT ATC AGT ACC TGA AAC AGG GCT TGC 3 1 
5 1 GAG CAT GCA CAG GAC CTG GAG CAC ACA CAG CCT TCC 3 1 

The thus formed double stranded DNA encoding the 3 1 

enhancer is cut with BamHI and SphI and clone into BamHI/SphI 

30 cut pGP2 to yield pRE3 (rat enhancer 3'). 

C. Cloning of Human J-u Region 

A substantial portion of this region is cloned by 
combining two or more fragments isolated from phage lambda 
35 inserts. See Fig. 14. 

A 6.3 kb BamHI/Hindlll fragment that includes all 
human J segments (Matsuda, et al. (1988), EM BO J . , 7, 1047 — 
1051; Ravetech, et al . (1981), Cell , 27, 583-591) is isolated 
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from human genomic DNA library using the oligonucleotide GGA 
CTG TGT CCC TGT GTG ATG CTT TTG ATG TCT GGG GCC AAG. 

An adjacent 10 kb HindIII/Ba.11 fragment that contains 

enhancer, switch and constant region coding et 

i to itqq-1403) is similarly 
al- (1989), F" T ~ T Tmmunol . , 12., 1399 ±4U-»J 

isolated using the oligonucleotide: 

CAC CAA GTT GAC CTG CCT GGT CAC AGA CCT GAC CAC CTA TGA 

An adjacent 3- 1.5 tt BamHI fragment is similarly 
isolated using clone pMUM insert as probe ( P MUM is * *» 
EcoRI/HindHI fragment isolated from human genomic DNA library 
with oligonucleotide: 

CCT GTG GAC CAC CGC CTC CAC CTT CAT 
CGT CCT CTT CCT CCT 
mu membrane exon 1) and cloned into P UC19 . 

P GP1 is digested with BamHI and BglH followed by 
treatment with calf intestinal alkaline phosphatase. 

Fragments (a) and (b) from Fig. 14 are cloned in the 
aigested P GP1. A clone is then isolated which is oriented such 
that 5- BamHI site is destroyed by BamHI/Bgl fusion It is 

„• ir\ nMti is diaested with BamHI 
20 identified as pMU (see Fig. 15). pMU is digest 

„• ,» (c in=;prted The orientation is 
and fragment (c) from Fig. 14 is inserted. i 

checked with HindlH digest. The resultant plasmid pHIGl (Fig. 
15) contains an 18 kb insert encoding J. and Cm segments. 

25 D rinnino o f r t t Region 

pGP^ is digested with BamHI and HindlH is followed by 

treatment with calf intestinal alkaline phosphatase (Fig 14). 
The so treated fragment (b) of Fig. 14 and fragment (c) of Fig. 
14 are cloned into the BamHI/Hindlll cut pGPl. Proper 
30 orientation of fragment (c) is checked by Hindlll digestion to 
form PCON1 containing a 12 Kb insert encoding the Cm region. 

Whereas pHIGl contains J segments, switch and m 
sequences in its 18 kb insert with an Sf il 3 ' site and a Spel 
5 site in a polylinker flanked by HotI sites, will be used for 
35 rearranged VDJ segments. pCONl is identical except that it 

lacks the J region and contains only a 12 kb insert. The use 
" " of pCONl in the construction of fragment containing rearranged 
VDJ segments will be described hereinafter. 
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E. — <™T "* rnn-tint Rpqi"" (pREG2) _ 

The cloning of the human ^-1 region is depxcted xn 

Fl9 ' " " Yamamura, et al. (1986), Vrnr N.tl ftcad. Sci. US A, 
83 2152-2156 reported the expression of membrane bound human 
i[ f Z a transgene construct that had been partially deleted 
on integration. Their results indicate that the 3- B.-HI site 
delineates a sequence that includes the transmembrane 
rearranged and switched copy of the gamma gene with a v-C 
intron of less than 5Kb. Therefore, in the unrearranged , 
unswitched gene, the entire switch region is . included , n a 
sequence beginning less than 5 Kb from the ****** ^ 
7 -X constant exon. Therefore it is included m the = o.3K> 
Hindlll fragment (Ellison, et al. (1982) H^M^ 

Res 10, 4071-4079). TaKahashi, et al. (1982), Cell, 29 
~^T- & 19 also reports that this fragment contains the switch 

equence and tnis fragment together with the 7.7 Kb HindXII to 
BamHI fragment must include all of the sequences we need for 

the transgene construct. ,. fied 
Phage clones containing the 7 -l region are identified 
and isolated using the following oligonucleotide which is 
specific for the third exon of 7 -I (CH3) 

5' TGA GCC ACG AAG ACC CTG AGG 

TCA AGT TCA ACT GGT ACG TGG 3' 
A 7 7 Kb HindHI to Bglll fragment (fragment (a) in 
Fig . 16) is cloned into HindXII/Bglll cut P RE3 to form pREGl . 
The upstream 5.3 Kb HindHI fragment (fragment (b) xn Fig. 16, 
Z cloned into HindHI digested pREGl to form pREG2 . Correct 
0 orientation is confirmed by BamHI/Spel digestion. 

F. rrnnbinin q ^nr and Cu 

The previously described plasmid pHIGl contains hu-an 
, segments and the c„ constant region exons. To provide a 
5 transgene containing the c constant region gene segments 

PHIGl was digested with sfil (Fig. 15) . The plasa.d pREG2 was 
. ai so digested with Sfil to produce a 13.5 ^ insert contain** 
human c, exons and the rat 3- enhancer sequence . These 
sequences were combined to produce the plasmid pHIG3 (.ig. 
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containing the human J segments, the human Cm constant region 
the human C,l constant region and the rat 3- enhancer contaxned 

on a 31.5 kb insert. 

a second plasmid encoding human .C* and human Cyl 
5 without J segments is constructed by digesting pCONl with sfxl 
and combining that with the Sfil fragment containing the human 
C 7 region and the rat 3- enhancer by digesting pREG2 wxth Sfxl. 
The resultant plasmid, pCON (Fig. 17) contains a 26 kb 
Notl/spel insert containing human Qi, human 7 1 and the rat 3 
10 enhancer sequence. 

G. Cloning " Segment 

The strategy for cloning the human D segments xs 
depicted in Fig. 18. Phage clones from the human genomic 
15 library containing D segments are identified and isolated using 
probes specific for diversity region sequences (V. Ichxhara, et 
al. (1988), F.MB0 J ., 1, 4141-4150). The following 
oligonucleotides are used: 

, n Dxpi . 5 ' - TGG TAT TAG TAT GGT TCG GGG AGT TAT TAT 

2 0 DXPI. ^ A( , T GTC . 3 . 

IC TGA AAT GGA GCC T< 
CAC GGA CAC TGT - 3 



25 
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DXP4: 5' - GCC TGA AAT GGAJ3CC TCA GGG CAC AGT GGG 



DN4: 5- - GCA GGG_AGG_ACA^TGT TTA GGA TCT GAG GCC 



GCA CCT GAC ACC - 3 
A 5.2 kb Xhol fragment (fragment (b) in Fig. 18) 

containing Dial, DXPI, DXP'1, and DAI is isolated from a phage 
30 clone identified with oligo DXPI. 

A 3.2 kb Xbal fragment (fragment (c) in Fig. 18) 
containing DXP4 , DA 4 and DK4 is isolated from a phage clone 
identified with oligo DXP4 . 

Fragments (b) , (c) and (d) from Fig. 18 are combined 
and cloned into the Xbal/Xhol site of P GP1 to form P HIG2 which 
contains a 10.6 kb insert. 
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This cloning is performed sequentially. First, the 
5.2 kb fragment (b) in Fig. 18 and the 2.2 kb fragment (d) of 
Fig. 18 are treated with calf intestinal alkaline phosphatase 
and cloned into pGPl digested with Xhol and Xbal. The 
resultant clones are screened with the 5.2 and 2.2 kb insert. 
Half of those clones testing positive with the 5.2 and 2.2 kb 
inserts have the 5.2 kb insert in the proper orientation as 
determined by BamHI digestion. The 3.2 kb Xbal fragment from 
Fig. 18 is then cloned into this intermediate plasmid 
containing fragments (b) and (d) to form P HIG2 (Fig. 9). This 
plasmid contains diversity segments cloned into the polylinker 
with a unique 5> Sfil site and unique 3- Spel site. The entire 
polylinker is flanked by NotI sites. 

l5 h .. instruct j <->n of Hea v y chain Minilocus 

The following describes the construction of a human 
heavy chain mini-locus which contain one or more V segments. 

An unrearranged V segment corresponding to that 
identified as the V segment contained in the hybridoma 
20 of Newkirk, et al. (1988), ,T . Clin. Invest., 81, 1511-1518, is 
isolated using the following oligonucleotide: 

5' - GAT CCT GGT TTA GTT AAA GAG GAT TTT 
ATT CAC CCC TGT GTC - 3' 

A restriction map of the unrearranged V segment is 
determined to identify unique restriction sites which provide 
upon digestion a DNA fragment having a length approximately 2 
kb containing the unrearranged V segment together with 5' and 
3- flanking sequences. The 5' prime sequences will include 
promoter and other regulatory sequences whereas the 3' flanking 
sequence provides recombination sequences necessary for V-DJ 
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joining. This approximately 3.0 kb V segment insert is cloned 
into the polylinker of pGB2 to form pVHl. 

pVHl is digested with Mil and the resultant fragment 
.,o„ed into th. Sfll site of P H IG2 to for, a pHI^ since 
, ThI" ""tains D segments only, the resultant p HI G5. plasma 
contains a single V segment together with D segments, 
of "a insert contained in pHIGS is 10.6 Kb plus the size of 
the v -g-nt^ert.^ ^ ^ ^ ^ 

10 Hot! and spel and isolated. PHIG3- which «»*J™J- * 
1,1 segments is digested with spel and Hotl and the 3 Kb 
fragment containing such sequences and the rat 3' enhancer 
• • „„H These two fragments are contained and 

nsr £z r::;e S r P o,i *. ^ ^ ^ 

„ nl " encoding a V segment, nine 0 segments, si, functional J 
events, «*. c and the rat 3- enhancer. The size of this 
insert is approximately 43 Kb plus the size of the V segment 

insert. 

,0 I construction of Heavy chain Minilocus 

v- y nn.nl nan ur °"-"m>" ""tion . 

As indicated in the previous section, the insert of 
pHia is approximately, to £ Kb 

pr vide for the use of a greater number of V segments the 
following describes in viva homologous recombination of 
overlapping DNA fragments which upon ^^J^^Zt 
30 within I zygote or ES cell form a transgene containing the 
enhancer seance, the human C, the human C,l h man a 
segments, human D segments and a multiplicity of human 

Se9, " entS ' A e.3 Kb BamHX/HindXH fragment containing human , 
35 segments (see fragment «a, in Pi, D i- — M1Ul ' SPSl 
digested pHIGS' using the following adapters: 
5' GAT CCA AGC AGT 3' 

5' CTA GAC TGC TTG 3' - 
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51 CGC GTC GAA CTA 3' 
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5« AGC TTA GTT CGA 3' 
Th e resultant is plasuid designated pHKWO (overlap, . 
^ ^contained in this placid ^ 

the s inqle V segment from pVHl is us,e , 
segments. When the singie , \ , 2 j^. T his 

10 sequences. Botn insetus> 

fofapproxiuately 6.3 H> of overlap between the t»o » 
"Lents. When collected into the Bouse zygote, « vivo 
h^cous reception occurs generating a transgene 
equivalent to the insert contained m pHIG. 
1R This approach provides for the addition of a 

ultiolicity of V segments into the transgene forced in XUB- 
multiplicity or v y sinqle V segment into 

F or example, instead of incorporating - £ 
pHIG5 • / a multiplicity of V segments contained ( > 

^ DNA (2) ligated DNA derived from genomic DNA, or (3) 
genomic DNA, (2) uga reD ertoire is cloned into 

20 DNA encoding a synthetic V segment repertoi ^ 
PHIG2 at the Sfil site to generate P HIG5 V T 9» 
«■ nf Fia 14 is then cloned into pHIG5 \ N ana 

"SIT s It 1 Lis insert now contains a multiplicity of V 
segments and * segments which overlap with the .segments 
25 Gained on the insert isolated from^X 'J^^ 
.ointroduced into ^ nucleus ° a mouse „ 

recombination occurs to generate in D 

multiple V segments and multiple J segments, multiple D 
multiple v s y rea ion (all from human) and 
the Cu region, the C-yl region v 



30 



segments, the region 
the rat 3' enhancer sequence 



35 synthetic V„ region fragments are generated and 

• la ^ri as previously described. These fragments are 
isolated as previou y plasmi d pHIG (or a 

coinjected with the purified NotI insert p 
version of pHIG that does not contain any V segments Jh . 
40 collected DNA fragments are inserted into a single site in 
chromosome. Some of the resulting transgenic animals 
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• w- c that have synthetic V regions located 
contain transgene Z s^Js in the P HIG construct. 

adj acent and .^fl-u^n heavy chain primary 

Th ese animals will have > in Example 5(H). 

repertoire than the animals des_._- 

5 tty&MPLE 6 

^ constructxcn o^ p ^ , p ^ ^ ^ ^ ^ 
mouse heavy cha.n enhancer i. i 729 _ 71Q) £rom 

bp fragment (J- Banerji, * si. (" 
15 phage dones ^ gsc ata ccc 

TAT TCA GAA CTG ACT 3 1 

f ^ent is cloned into EcoRV/Xbal digested 
This EM fragment is cl result ant plasmid 

20 pGPl by blunt end filling m EcoRl site, 
is designated pEmul. 

numan « constant region exon, and loeally, 

«+- al (1989), EMBO_J.. i £./ 
enhancer <K. Meyer, et al. < £roB ^ HO „ever, 

T „e . enhancer x. , m°us - ' In . addition, the 

it is as yet -nx"-"*"! of the mouse heavy chain J-C 
30 construct contains a copy o£ tne 

enhancers.^ ^ O onstructed from foor component 

fragments: ^ =ontains the nlra an C 

(a) a id *j-> , with the mouse locus 
35 exon and the 3- human enhancer by analogy 

(fragment (a) in Fig. 20); fragT nent, which contains 

(b) A 5" adjacent 5 Kb Smal xray 

al l five J segments (fragment , 
fc) The mouse heavy chain mtron 

( included to induce expression of 

40 from pEMl (this sequence is _ - in B . cell - 

the light chain construct as early as possi 
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, .nt Because the heavy chain genes are transcribed 
Zt:r£n the U *t chain .enes, this heavy chain enhancer 
is presumably active at an earlier stage than the intronic « 
enhancer) ; and ^ containing one or more V segments. 

The preparation of this construct is as follows 
i ^ntal DNA is digested with Smal and fractionated on 
7ZsT::XZlL^s. B^, — ^cental ONA 
tl digested with BamHI and fractionated by ^-trophoresxs 
dig m M . „ iso i a ted from the Smal digested gel and 
10 The 16 Kb fract.cn i ^ from the gel containing 
the 11 kb region, is similarly isowu 
DNA digested with BamHI. 

The 16 Kb Smal fraction is cloned into Lambda FIX II 
rstratagene La Jolla, California) which has been digested with 
15 "led with Klenow fragment DNA polymerase to f i ^ 
the Xhol restriction digest product. ^ ^ ^ 

Smal fraction destroys the Smal sites and lases Xhol sites 

taCt ' The 11 Kb BamHI fraction is cloned into A EMBL3 

T jolla California) which is digested with BamHI 
20 (Strategene, La Jolla, canxornxa, 

nrior to cloning. 

Clones from each library were probed with the Ck 

specific oligo: 

5 ' GAA CTG TGG CTG CAC CAT CTG TCT 
TCA TCT TCC CGC CAT CTG 3' 

A 16 Kb Xhol insert that was subclone* into the Xho! 
e,* P E,1 so that c. is adjacent to the Smal site. The 
resultant plasmid was designated pKapl. see . F«. ^ 

The above C« specific oligonucleotide is used P 
.he > £MBL3/BamHI libra, to identify a n H *b £~ 
corresponding to fragment (d) of Fig. 

(fragment <b) in Fig. 20, is subcloned and subsequently 
Lerted into pKap! digested with sma!. Those plasmids 
35 containing the correct orientation of J segments, c 

— ~ ~ rrxx*. „ -° 

«,.- Ml,! site of pKa P2 to yield the plasmid pKapH which encodes 
the human V. segments, the human J. segments, the human 
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segments and the human E/i enhancer. This insert is excised by 
digesting pKapH with NotI and purified by agarose gel 
electrophoresis. The thus purified insert is microinjected 
into the pronucleus of a mouse zygote as previously descried. 

C Construction of k Light Chain Minilocus by 
Tr> vivo Homologou s Kecombi nation 

The 11 kb BamHI fragment (fragment (d) in Fig. 20) is 
cloned into BamHI digested pGPl such that the 3 • end is toward 
the Sfil site. The resultant plasmid is designated pKAPmt. 
One or more v. segments is inserted into the poly linker between 
the BamHI and Spel sites in pKAPint to form pKapHV. The insert 
of PKapHV is excised by digestion with NotI and purified, .he 
insert from P Ka P 2 is excised by digestion with NotI and 
purified. Each of these fragments contain regions of homology 
in that the fragment from pKapHV contains a 5 kb sequence of 
DNA that include the J K segments which is substantially 
homologous to the 5 kb Smal fragment contained in the insert 
obtained fron P Ka P 2. As such, these inserts are capable of 
homologously recombining when microinjected into a mouse zygote 
to form a transgene encoding V K , J K and C K . 

n construction of k Light Chain Mini-Locus 
D ' b? CoInjec?ion of Synthetic V* Region Fragment 
T ^Ather wi+ * T.iaht Chain .TC Construct 

Synthetic V* , region fragments are generated and 
isolated as previously described. These DNA fragments are 
coinjected with the purified NotI insert of plasmid P Ka P 2 or 
plasmid pKapH . The coinjected DNA fragments are inserted into 
a single site in the chromosome. Some of the resulting 
transgenics will contain transgene inserts that have synthetic 
V regions located adjacent and upstream of the sequences m the 
P Ka P 2 or pKapH construct. These animals will have a larger 
human * light chain primary repertoire than those described xn 
Example 6 (B) . 



WO 92/03918 



66 



PCT/US91/06185 



10 



15 



T^V AMPLE 7 
Isolation of Genomic Clones 

This example describes the cloning of immunoglobulin « 
light chain genes fro™ cultured cells that express an 
mmloglobulin of interest, such cells may contain 
alleles of a given immunoglobulin gene. For example, a 
^bridoma might contain four copies of the . light chain gene, 
Zo copies from the fusion partner cell line and 
from the original B-c.ll expressing the immunoglobulin of 
interest. Of these four copies, only one encodes the 
^unoglobulin of interest, despite ^ ™ 
them may be rearranged. The procedure described in this 
example allows for the selective cloning of the expressed cop> 
of the k light chain. 
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^^iTfrora human hybridoma, or lymphoma, or other cell 

line that synthesizes either cell surface or secreted or both 
orms of IgM with a . light chain are used for the isolation of 
1 ^ The RNA is then used for the synthesis of oligo dT 
^ led « using the enzyme reverse t™^^^ 
stranded cDNA is then isolated and 6 residues are added to the 

end using the enzyme polynucleotide terminal transferase^ 
The Gtailed single-stranded cDNA is then purified and used as 
template for second strand synthesis (catalyzed by the enzyme 
DNA polymerase) using the following oligonucleotide as 

PrimSr: 5 , _ GAG GTA CAC TGA CAT ACT GGC ATG CCC 

CCC CCC CCC - 3' 

The double stranded cDNA is isolated and used for 

o-P the S } end of the mRNAs 
determining the nucleotide sequence of the end 

encoding the heavy and light chains of the expressed 

imllglobulin molecule. Genomic clones of these expressed 

aenes are then isolated. The procedure for cloning the 

expressed light chain gene is outlined in part B below. 
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B. T.-iqhf, chain 

The double stranded cDNA described m part A is 
denatured and used as a template for a third round of DNA 
.vn-^os-is using the following oligonucleotide primer: 

~ J " =, rrc CAT ATC AGC TGG ATG AAG TCA TCA GAT 

5 . - GTA C ^ C C ^ G A ^ G A ATG AAG ACA GAT GGT GCA - 



This primer contains sequences specific for the 
constant portion of the „ light chain message (TCA TCA GAT GGC 
10 GGG AAG ATG AAG ACA GAT GGT GCA) as well as unique 

that can be used as a primer for the PCR amplification of the 
newl synthesized DNA strand (GTA CGC CAT ATC AGC TGG ATG AAG). 
The sequence is amplified by PGR using the following two 
oligonucleotide primers: 

15 5' - GAG GTA CAC TGA CAT ACT GGC ATG -3 • 

5- - GTA CGC CAT ATC AGC TGG ATG AAG -3 

The PCR amplified sequence is then purified by gel 
20 electrophoresis and used as template for dideoxy sequence 
reactions using the following oligonucleotide as a primer: 
5« - GAG GTA CAC TGA CAT ACT GGC ATG -3 • 
The first 42 nucleotides of sequence will then be used 
to synthesize a unique probe for isolating the gene from which 
25 immunoglobulin message was transcribed. This synthetic 42 

nucleotide segment of DNA will be referred to below as o-*appa. 

A southern blot of DNA, isolated from the Ig 
expressing cell line and digested individually and in pairwise 
ZTi nation, with several different restriction endonucleases 
30 including S.al, is then probed with the 32-P labe le ^ 
oligonucleotide o-3ca PP a. A unique restricts 
site is identified upstream of the rearranged V segment. 

DNA from the Ig expressing cell line is then cut with 
Smal and second enzyme (or BamHI or Kpnl if there is Smal site 
35 inside V segment) . Any resulting non-blunted ends are treated 
with the enzyme T4 DNA polymerase to give blunt ended DNA 
m olecules. Then add restriction site encoding ImXers (BamHI, 
EcoRI or Xhol depending on what site does not exist in 
fragment) and cut with the corresponding linker enzyme to give 
40 DNA^ragments with BamHI , EcoRI or Xhol «*.. The DNA is then 
size fractionated by agarose gel electrophoresis, and the 
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fraction including the DNA fragment covering the expressed V 
segment is cloned into lambda EMBL3 or Lambda FIX (Stratagene, 
La Jolla, California). V segment containing clones are 
isolated using the unique probe o-ka P pa. . DNA is isolated from 
5 positive clones and subdoned into the polylinker of pKapl. 
The resulting clone is called pRKL. 

EXAMPLE 8 

Isolation of Genomic Clones 
, 0 . corresponding to Rearranged Expressed Copies 
XU of TmmuT^mhuling H**w Cham u Genes 

This example describes the cloning of immunoglobulin 
heavy chain m genes from cultured cells of expressed and 
15 immunoglobulin of interest. The procedure described in this 

example allows for the selective cloning of the expressed copy 

of a m heavy chain gene. 

Double-stranded cDNA is prepared and isolated as 
described in part A of Example 7. The double-stranded cDNA is 
20 denatured and used as a template for a third round of DNA 
synthesis using the following oligonucleotide primer: 

5 • - GTA CGC CAT ATC AGC TGG ATG AAG ACA GGA GAC 
GAG GGG GAA AAG GGT TGG GGC GGA TGC - 3 

This primer contains sequences specific for the 
constant portion of the M heavy chain message (ACA GGA GAC GAG 
GGG GAA AAG GGT TGG GGC GGA TGC) as well as unique sequences 
that can be used as a primer for the PGR amplification of the 
newly synthesized DNA strand (GTA CGC CAT ATC AGC TGG ATG AAG) . 
30 The sequence is amplified by PCR using the following two 

oligonucleotide primers: 5- - GAG GTA CAC TGA CAT ACT GGC ATG 
- 3' 

5' - GTA CTC CAT ATC AGC TGG ATG AAG - 3' 
The PCR amplified sequence is then purified by gel 
35 electrophoresis and used as template for dideoxy sequencing 
reactions using the following oligonucleotide as a primer: 

5- - GAG GTA CAC TGA CAT ACT GGC ATG - 3 1 
The first 42 nucleotides of sequence are then used to 
synthesize a unique probe for isolating the gene from which 
40 immunoglobulin message was transcribed. This synthetic 42 
nucleotide segment of DNA will be referred to below as o-mu. 



25 



PCI71S91/06185 

WO 92/03918 

69 

A southern blot of DNA, isolated from the Ig 
• Tl line and digested individually and in pairvise 
expressing ^^^^^ restriction endonucleases 
combinations with several dit 

including MluT (Mlul is a rare cutting _ 32 _ p 

fhe , seaTO ent and mu CHI) , is then probed 
5 between the J segment a unioue restriction 

lab elled unique oligonucleotide o-mu. A unique 
endonuclease site is identified upstream of the 

segment. , - np ^ s then cut with 

DNA from the IG expressing cell line is th 

10 M an d second en T e. Mlul or ^ ~ to 

„lul or S P eI The DNA including th e DNA fragment 

electrophoresis, and the fraction directly in to the 

PVT,ressed V segment is cloned directs 
covering the expressea y isolated using 

wot V seoment containing clones are isoi* 
15 plasmid pGPI. V segm subc loned into Mlul or 

the unique probe o-mu, and the insert is 
Mlul/Spel cut plasmid P CON2. The resulting plasmid 

pRMGH. 

T-V AMPLE 9 

Deletion of the Mouse Heavy Chain Gene 
De hv Honr 1~T""" ^-combination 

4-v, D rl P letion of the endogenous 
This example describes the deletion omhT - V onic 

_ _ T » r rr 15 :r^: n ^."^- 

/t?c\ f-Piis (Ziilstra, et ai. l^ 03 ' ' 1 

stem (ES) ceils ifij" cells into a mouse 

f ollo»ed by the transplants on o » ~» 

b lastocyst embryo such that the E S 11^ ^ 
of the resultant chimeric mouse (aera^o 

cells: a practical approach, E.J. -bertson, 
press, Washington, D.C., 1987). 

The construction of a DNA sequence that wx.. 

possibility o£ successful gene rearrangement « ^ 
, The design o£ this construct is outlined belov. 

10CUS - Plaslid P=P! is digested with the -trict.cn 
endonucleases B W and Bglll and religated to «o» the pl.~-_ 
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pGPldl. This plasmid is then used to build the so-called gene 

knockout construct. 

To obtain sequences homologous to the desired target 

region of the mouse genome, mouse genomic clones are isolated 

5 from a phage library derived from non- lymphoid tissue (such as 

liver) using the J H specific oligonucleotide probe: 

5' - GGT CTA TGA TAG TGT GAC TAC TTT GAC TAC TGG 
GGC CAA GGC - 3 1 

10 A 3.5 kb Kpnl to EcoRI fragment that hybridizes with 

this probe is isolated from DNA derived from positive phage 
clones. This fragment is subcloned into KpnI/EcoRI digested 
pGPldl to form the plasmid pMKOl. 

Neomycin resistance (Neo) and Herpes Simplex Virus 

15 thymidine k inase (TK) genes for drug selection of recombinants 
(M. Capecchi (1989), Science , 244, 1288-1292) are then isolated 
as follows. The plasmid pGEM7(KJl) (M.A. Rudnicki, 3/15/89) is 
digested with Hindlll and the ends blunted with the klenow form 
of DNA pol I. The DNA is then cut with EcoRI and the pGKNeo 

20 fragment is isolated and cloned into Sphl/Nael cut pMKOl using 
the following oligonucleotide as an adapter: 

5' - AATTCATG -3' 
The resulting. plasmid is designated pMK02. This 
plasmid contains the neomycin resistance gene flanked by 

25 sequences that flank the mouse J H segments. This plasmid alone 
can be used for deletion of the heavy chain gene. 
Alternatively the Herpes TK gene can be added to the construct 
to improve the frequency of homologous recombination events in 
Neo resistant clones (M. Capecchi (1989) , Science , 244 , 

30 1288-1292). This is done as follows. The EcoRI to Hindlll 
PGKTK fragment of pGEM7 (TK) (M.A. Rudnicki) is isolated and 
cloned into the Kpnl site of pMK02 using the following 
oligonucleotide as adapters: 

5 1 - AATTGTAC - 3 1 

35 5* - AGCTGTAC - 3' 

The resulting plasmid is designated pMK03 . 

To further improve the overall efficiency of 
homologous recombination, a large segment of DNA that is 
homologous to the target sequence is then added to the 
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construct. A 13 kb EcoRI fragment, that hybridizes with the 
specific oligonucleotide described below: 

5 . - GCA TCC TGG AAG GTT CAG ATG AAT ACC 
TTG TAT GCA AAA TCC - 3' 
This 12 kb fragment includes the Cm coding exons, or a 
substantial portion of that fragment which includes the 5- 
EcoRI end, s isolated fro* a mouse genomic phage library and 
sub cloned into the EcoRI site of P MK03. The resultant plasmid 

is designated pMK04 . 

The insert of P MK04 is isolated by digestion with Mot I 
and electroporated into ES cells. Homologous recombinant 
clones are isolated used to generate a a H deleted mouse as 
described by Zjilstra, et al. (1989), Nature, 342, 435-438. 

FY AMPLE 10 

Deletion of the Mouse Light Chain Gene 
h y Homolog""* Reco mbination 

This example describes the deletion of the endogenous 
20 mouse light chain gene by homologous recombination in embryonic 
stem cells (see previous Example) . 

A DNA sequence that homologously recombmes into the 
mo use chromosome to delete the « light chain constant region 
exon is constructed. The design of this construct is outlined 

25 b6lOW " A 2 kb BamHII to EcoRI thymidine kinase fragment from 
pGEM7(TK)Sal (M.A. Rudnicki, Whitehead Institute) is isolated 
and subcloned into the BamHI/Sfil digested pGPl using the 
following oligonucleotide adapter: 

5 » - AATTTTG - 3 1 
30 The resulting plasmid is designated pKKOl. 

To obtain sequences homologous to the desired target 
region of the mouse genome, mouse genomic clones are 
from a phage library derived from non-lymphoid tissue (such as 
liver) using the mouse * light chain specific oligo designated 
o-MKC given below: 

5 . - GGC TGA TGC TGC ACC AAC TGT ATC CAT 
CTT CCC ACC ATC CAG - 3 1 
DNA is isolated from positive clone and a 2.3 kb Bglll 
fragment (P.S. Neumaier and H.G. Zachau (1983), Nucl^cidM 
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Res 3^, 3631-3656) that hybridizes with probe o-MK3 is 
isolated. The sequence of probe o-MK3 is as follows: 
5' - CAT TCT GGG TAT GAA GAG CCC ACG TAT 
CAA AGG TTA CAT TAG - 3 1 
5 ■ This 2.3 kb BglH fragment is subcloned into BamHI 

digested pKKOl such that the 3- end of the fragment is adjacent 
to the polylinker Sfil site. The resulting plasmid is 

designated pKK02. 

The 4 kb SphI to Hpal DNA fragment that hybridizes 
10 with oligonucleotide o-MKC is isolated from positive phage 

clone and subcloned into EcoRV to SphI digested plasmid P KK02. 
The resulting plasmid is designated pKK03. 

A 2 kb Sail to EcoRI fragment of pGEM7 (KJ1) Sal (M.A. 
Rudnicki, 3/15/89) is isolated and cloned into the BssHII site 
15 of plasmid pKK03 using linker adapters. This is carried out by 
first ligating a mixture of the following three 
oligonucleotides to the 2 kb Sail to EcoRI fragment: 

5' - CAGCGCGC - 3« 
5" - GATCGCGCGCTG - 3 
2Q 5' - AATTGCGCGCTG - 3' 

The ligation mixture is then digested with the enzyme 
BssHII and ligated to BssHII digested plasmid pKK03 . The 
resulting plasmid is designated pKK04 . 

The insert of P KK04 is isolated by digesting with Not. 
25 and electroporated into ES cells. Homologous recombinant 

clones are isolated and used to generate a C K deleted mouse as 
described by zjilstra, et al. (1989), Nature, 342, 435-438. 
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EXAMPLE 11 

T^nHv^on c * moiim Kanna Light Chain Gphp by Homologous 
Recombination 

This example describes the inactivation of the mouse 
endogenous kappa locus by homologous recombination in embryonic 
stem (ES) cells followed by introduction of the mutated gene 
into the mouse germ line by injection of targeted ES cells 
bearing an inactivated kappa allele into early mouse embryos 
(blastocysts) . 
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The strategy is to delete Jk and C K by h °™ US 
recombination with a vector containing D»A sequence homologous 
to the mouse Kappa locus in which .«.,*> ^ ^ 
Innus, spanning the J„ gene and C„ segments, is de— - 
5 replaced by the selectable marker neo. 

for drug selection of transrectea 



10 



f or drug """"-^ che MUSe pnosp hoglycerate Kinase 
transcriptional control of tn F etal., (1987) 

,pgk> promoter (Xbal/I/TaqI fragment: Adra, c .». . et . 
' «n 65-74) in the cloning vector pGEM-72f . The 

^lif also includes a heterologous polyadenylation site for 

20 locus 3' of the neo expression ^ isolated 

Mouse kappa chain sequences (Fig. 25a) w 
£ro m a genomic phage Ubrary derived from liver D„A using 
oligonucleotide probes specific for the C« locus: 

25 s .. GGC TO, TOO TOO AC= AAC TGT ATC CAT CTT CCC ACC ATC CAG 
-3 ' 

and for the J/c5 gene segment: 
so 9 - CTC ACQ TTC GGT GCT GGG ACC AAG CTG GAG CTG AAA CGI AAG - 
3 ' . 

A „ 8 kb Bglll/saci fragment extending 3- of the mouse 
c, segment was isoiated from a positive «^ *™ ^ 
e « a i 2 kb Bglll/Saci fragment and a 6.8 kb saci 
35 pieces, as a 1.2 kb Bg / dige sted pGEM7 (KJ1) tc 

fragment, and subcloned into Bglll/Saci aig 
generate the plasmid PNEO-K3- (Fig. 25b). 



PCT/US91/06185 

WO 92/03918 



74 

A 1.2 kb EcoRI/SphI fragment extending 5' of the J K 
region was also isolated from a positive phage clone. An 
Sphl/Xbal/Bglll/EcoRI adaptor was ligated to the SphI site of 
th<s fragment, and the resulting EcoRI fragment was ligated 
into EcoRI digested P NEO-K3 • , in the same 5' to 3 ■ orientation 
as the neo gene and the downstream 3- kappa sequences, to 
generate pNEO-K5 ' 3 • ( Fig . 25c) . 

The Herpes Simplex Virus (HSV) thymidine kinase (TK) 
gene was then included in the construct in order to allow for 
enrichment of ES clones bearing homologous recombinants, as 
described by Mansour et al. ((1988) Nature, 336, 348-352). The 
HSV TK cassette was obtained from the plasmid pGEM7 (TK) (M.A. 
Rudnicki) , which contains the structural sequences for the HSV 
TK gene bracketed by the mouse pgk promoter and polyadenylation 
sequences as described above for pGEM7 (KJ1) . The EcoRI site 
of P GEM7 (TK) was modified to a BamHI site and the TK cassette 
was then excised as a BamHI/Hindlll fragment and subcloned into 
pGPlb to generate pGPlb-TK. This plasmid was linearized at the 
Xhol site and the Xhol fragment from P NEO-K5'3', containing the 
neo gene flanked by genomic sequences from 5' of J S and 3' of 
oc was inserted into pGPlb-TK to generate the targeting vector 
J/C KI (Fig. 25d). The putative structure of the genomic kappa 
locus following homologous recombination with J/C Kl is shown 
in Fig. 25e. 

r^Hnn a -« ^-.vis of FS tpII s with t ar ^d motivation 

nf a kap pa allele 

AB-1 ES cells were grown on mitotically inactive 
SNL76/7 cell feeder layers (McMahon, A.P. and Bradley,A. (1990) 
, ceil, 62, 1073-1085) essentially as described (Robertson, E.J. 
(1987) in Tpr a tocarc i ""m^ and Embryonic Stem Cells; A 

Abroach. E.J. Robertson, ed. (Oxford: IRL Press) , p. 

71-112) . 

The kappa chain inactivation vector J/C Kl was 
digested with NotI and electroporated into AB-1 cells by the 
methods described (Hasty, P.R. , et al. (1991) Nature, 350, 
243-246) .- Electroporated cells were plated onto 100 mm dishes 
at a density of 2-5 x 10 6 cells/dish. After 24 hours, G416 
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(200Mg/ml of active component) and FIAU (0.5/iM) were added to 
the medium, and drug-resistant clones were allowed to develop 
over 10-11 days. Clones were picked, trypsinized, divided into 
two portions, and further expanded. Half, of the cells derived 
5 from each clone were then frozen and the other half analyzed 
for homologous recombination between vector and target 
sequences . 

DNA analysis was carried out by Southern blot 
hybridization. DNA was isolated from the clones as described 

10 (Laird, P.W. et al., (1991) Wucl. Acids Res., 19,) digested 
with Xbal and probed with the 800 bp EcoRI/Xbal fragment 
indicated in Fig. 25e as the diagnostic probe. This probe 
detects a 3.7 kb Xbal fragment in the wild type locus, and a 
diagnostic 1.8 kb band in a locus which has homologously 

15 recombined with the targeting vector (see Fig. 25a and e) . of 
358 G418 and FIAU resistant clones screened by Southern blot 
analysis, 4 displayed the 1.8 kb Xbal band indicative of a 
homologous recombination at the kappa locus. These 4 clones 
were further digested with the enzymes Bglll, Sad, and PstI to 

20 verify that the vector integrated homologously into one of the 
kappa alleles. When probed with the diagnostic 800 bp 
EcoRI/Xbal fragment, Bglll, Sad, and PstI digests of wild type 
DNA produce fragments of 4.1, 5.4, and 7 kb, respectively, 
whereas the presence of a targeted kappa allele would be 

25 indicated by fragments of 2.4, 7.5, and 5.7 kb, respectively 
(see Fig. 25a and e) . All 4 positive clones detected by the 
Xbal digest showed the expected Bglll, Sad, and PstI 
restriction fragments diagnostic of a homologous recombination 
at the kappa light chain. 

30 

r.^n nation of mi™ bearin g l-.he inactivated kappa chain 

The 4 targeted ES clones described in the previous 
section were injected into C57B1/6J blastocysts as described 
(Bradley, A. (1987) in Teratoca r cinomas and Embryonic Stem 
35 cells: A p™ r.f. i ca 1 Approach . E.J. Robertson, ed. (Oxford: IRL 
Press) , p. 113-151) and transferred into the uteri of 
pseudopregnant females to generate chimeric mice representing a 
mixture of cells derived from the input ES cells and the host 
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blastocyst. Chimeric animals are visually identified by the 
presence of agouti coat coloration, derived from the ES cell 
line, on the black C57B1/6J background. The AB1 ES cells are 
an XY cell line, thus male chimeras are bred with C57BL/6J 
5 females and the offspring monitored for the presence of the 

dominant agouti coat color. Agouti offspring are indicative of 
germline transmission of the ES genome. The heterozygosity of 
agouti offspring for the kappa chain inactivation is verified 
by Southern blot analysis of DNA from tail biopsies using the 
10 diagnostic probe utilized in identifying targeted ES clones. 

Brother-sister matings of heterozygotes are then carried out to 
generate mice homozygous for the kappa chain mutation. 

EXAMPLE 12 

15 inactivation of the Mouse Heavy Cha in Gene by Homolocfous 
Recombination 

This example describes the inactivation of the 
endogenous murine immunoglobulin heavy chain locus by 
homologous recombination in embryonic stem (ES) cells. The 

20 strategy is to delete the endogenous heavy chain J segments by 
homologous recombination with a vector containing heavy chain 
sequences from which the J H region has been deleted and 
replaced by the gene for the selectable marker neo. 

25 Construction of a heavv chain targeting vector 

Mouse heavy chain sequences containing the J H region 

(Fig. 26a) were isolated from a genomic phage library derived. 

from the D3 ES cell line (Gossler, et al., (1986) Proc. Natl. 

Acad. Sci. U.S.A. , 83, 9065-9069) using a J„4 specific 
30 oligonucleotide probe: 

5'- ACT ATG CTA TGG ACT ACT GGG GTC AAG GAA CCT CAG TCA CCG -3 1 

A 3.5 kb genomic SacI/StuI fragment, spanning the J H 
region, was isolated from a positive phage clone and subcloned 
35 into Sacl/Smal digested pucl8. The resulting plasmid was 

designated pucl8 J H . The neomycin resistance gene (neo) , used 
for drug selection of transacted ES cells, was derived from 
the plasmid pGEM7 (KJ1) . The Hindlll site in pGEM7 (KJ1) was 
converted to a Sail site by addition of a synthetic adaptor, 
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M lcn cassette excised by digestion with 
and the neo "^^ ""^ fragme nt were then blunted by 
Xbal/sall. The ends of th neo V* ^ ^ 

treatment with the Klenow for, of DNA p . 
fragment was " subcloned into the Nael site 

• vwo nlasmid puclS J„-neo (Fig. 26b). 
3 generating the plasmid p H targeting vector was 

^ ~^«~ enzyme «X - Ugated ~ 

following oligonucleotide as an adaptor: 

AGC AAA GCT TTG GC -3' 

Th e results pU-». ^ t^^^ ^ 

15 the mouse <HSV, thymidine Kinase ««, 

The Herpes Simplex vir l ^ 

,ene was included * ^^CT^^' as 
enrichment of ES clones bear ng The 

aescribed by p lasB ia pGEM7 ,TK) by 

20 HSV TK gene was obtaxned from th p ^ ^ ^ 

dig estion with *°°™ ™*J^ d HindIII sltes of pGHT, creatine 
subcloned between the EcoRi an 

the Plasmid pGMT-TK (Fig. 26c) ^ ^ 

25 target sequence , a .9 J ^ ^ genQmlc phage 

5 . of the J H region, ™ " rX with xhoI , and partial 

clone by limit digestion of the DNA ^ ^ 

digeS tion with Xbal. As noted in Fig. ^.^ ^ 

site is not P^^^^t. cloned genomic heavy 

30 phage sequences immediately t fragme nt was 

chain insert in the positive ^ fcQ generate the 
subcloned into Xbal/Xhol digested pGMT 

plasmid pGMT-TK-J H 5- (Fig. 2*1). n inVolved the 
The final step in the constru 

a.v,o t leb EcoRI fragment from puclS J H neo 

35 excision of the 3 kb EcoRI gm sequences . This 

contained the neo gene and flank ^ 9 &nd subclo ned into 

fragment was blunted by Klenow 5 , The resuI tin g 

the similarly blunted XhoI site of pGMT TK J„5 



PCT/US91/06185 

WO 92/03918 

78 

* lrt J KOI (Fig. 26e), contains 6.9 kb of genomic 
construct, J H KOl i*ig. >• deletion 

, chain allele after homologous recombination wi 
construct. 

EXAMPLE 13 

M-l ES cells (McMahon. A.P. and Bradley,*. (19 ) 

0 «^fnf irallv inactive SNLVb// 

cell 62, 1073-1085) were grown on mitotically in 
(PX1 ' 4.-»n„ described (Robertson, E.J. 

cell feeder layers essentially as <* esc "> < p rac tical 

11987) Tej^cj^i^^ 

^^^^^ I d 

T he heavy Cain ^ the methods 

wi th Hot! and ^7°^™^ ^ L *«-*«>• 

described (Hasty, P.R- » et al. (199J-) £■ 

Electroporated cells were plated into 100 - dishes at a 
density o* 2-5 « 10> cells/dish. ^ » ^ 
2 „ (2 0» g/m l ot active exponent, ^J™^^* to develop 
the .ediu, and drud-res, - - - ^ divided ^ 

over 8-10 days. «««« P Half o£ the cells derived 

25 for homologous recordation between vector and target 

sequences. - arrie d out by Southern blot 

DMA analysis is carried out. j ...--ribed 
• *• nm is isolated from the clones as described 
hybridization ON, » iso ^^j^. , ^ digested 
(Laird , P ... at al., (1»91) H — £ragBent 

30 with HindHI and probed with the 500 bp 

designated as the diagnostic probe ^ « • 

r r x::: = e. 

35 — ~ «.« out «, ««, «- — 

disruption of the heavy chain allele. 
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EXAMPLE 14 

5 I- digested with EcoRI and Styl 

The plasmid P BR322 was aig 

and ligated with the following 

oligo-42 5'- caa gag ccc gc ^ 
L0 act gcg gec get -3 1 

n . at aca aaa aaa age ccg etc 
oli go-43 5- aat tag egg « =ag ft «e. 

att agg egg get -3 

■a r^rPla is designed for cloning 

ve ry iarge DHA con. "»°" contain s a NctI 

cutting restriction ensy- "° tI . the ainp icUlin 

restriction site downstream ^ termi nation 

resistance gene, W H) °fV , ^« (Chrirtl ., o.E. et .1. (»>'! 
20 signai derived fro, the trpA gene , ^ termination signal 

^^^^r^Z'of coding sequences inserted 
reduces the potential toxicl h transcription 

in to the Hot! site hy = - ^ ^ lou copy 
£r om the MP* gene. In addlt , ^ ^ pBR322 copy 

25 relative to the P«C ^ „ £ur ther reduces the 

nmber control ■ se<3uen=es and reduces the 

region Igains/large insert, due to «X repiication. 

30 " ^ was digested with »ctl and Ugated with the 



tec tta att aat cga 



35 



following oligonucleotides: 

oli go-47 5 - ggc cge aag ctt act get gga 
tag tga tct cga ggc -3 

„ f atr a at taa tta agg ate 
01 igo-48 5- ggc cgc etc gag ate act ate gat 



cag cag taa get tgc -3 ' 
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The resulting plasmid, pGPlb, contains a short 
polylinker region flanked by HotI sites. This facilitates the 
construction of large inserts that can be excised by NotI 
digestion. 

5 

3. pGPe 

The following oligonucleotides: 

oligo-44 5'- etc cag gat cca gat ate agt acc tga aac agg get 
10 tgc -3" 

oligo-45 5'- etc gag cat gca cag gac ctg gag cac aca cag eet 
tec -3' 
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were used to amplify the immunoglobulin heavy chain 3' enhancer 
(S. Petterson, et al. (1990) Nature, 344, 165-168) from rat 
liver DNA by the polymerase chain reaction technique. 

The amplified product was digested with BamHI and SphI 
and cloned into BamHI/SphI digested P NN03 ( P NN03 is a pUC 
derived plasmid that contains a polylinker with the following 
restriction sites, listed in order: NotI, BamHI, Ncol , Clal, 
ECORV, Xbal, Sad, Xhol, SphI, PstX, BglH, EcoRI, Smal, Kpnl , 
HindHI, and NotI). The resulting plasmid, P RE3, was digested 
with BamHI and HindHI, and the insert containing the rat Ig 
heavy chain 3' enhancer cloned into BamHI/Hindlll digested 
pGPlb. The resulting plasmid, pGPe (Fig. 27 and Table 1), 
contains several unique restriction sites into which sequences 
can be cloned and subsequently excised together with the 3- 
enhancer by NotI digestion. 



I 
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AGGCCCTTTCGTCTTCAAG 



Table l Sequence of vector pGPe. 
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* ran exBressing^LinO^ 

^ , h u»an placental gencic ■» ^ ^*j%To 

,™n,\/sP6/T7 (Clonetech Laboratories, Inc., Palo 
, phage vector iEHBLVS "f i 7 th ( the huMn hea vy chain J region 
ilto, CA) was screened vith tne n 
specific oligonucleotide: 

.Ugo-! 5- «• ct, ccc tgt «* at, ctt tt, at, tot ggg 
10 gcc aag -3' 

• i 6 kb Hindlll/Kpnl 

„d the phage done XI. 3 J ^ six , segm ents as well 

£r ao.ent fro. this clone, containing all « er , 

as D segment „*» an, * = ^with the , 

15 was isolated. The same library 
specific oligonucleotide: 

eta tga -3' 
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• . k 10 5 kb HindlH/XhoI 

and the phage clone A2 . 1 isolated. A 10. 
fragment, containing the , clone . The se two 

^.^S - — 1 ^ PNN ° 3 

to obtain the plasmid pJMl. 

2. pJM 2 - . nlated from phage clone 

A 4 kb Xhol fragment was isolated fro P * 

,,1 ^contains seguences ^^J-TEL^-- 
sequences in ,W1, including the so * Msui et 

^ deletion in certain Ig, «pr- ng _ 

^^^Zt^ of L polymerase I and 
treated with the Klenow rr y resulting 

ligated to ^-^^1^ ~* site but 

PlMBid ; r h H e 2 3 ^OX ; S due to incomplete reaction by the 
retained the 3 xhol j reqlon| tne 

Klenov, enzyme. p«» contain the . ^ ^ ^ ^ 

heavy chain J-d intronic enhancer, tn 
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of the „ constant region exons, as well as the two 0 . 4 Kb 
direct repeats, on and S/i, involved in m deletion. 

3 . nf D — ^ tr,,rtinn ° f PDH1 

The following human D region specific oligonucleotide: 

oligo-4 5- tgg tat tac tat ggt teg ggg agt tat tat aac cac 
agt gtc -3' 

„ a s used to screen the human placenta genomic library for D 
region clones. Phage clones A4.1 and A4.3 were isolated 
5.5 to Xhol fragment, that includes the D elements <W c 
0 , Y . ichihara et al. (1988, EHB2J.. 1, 4141), was related 
„ f-m Phage clone M.l. »» accent upstream S.* to Xhol 

fragment, that includes the D elements » B , D„,, D„.,, a „, 
was^solated from phage clone A4.3. Bach of these D regxon 
Xhol fragments were cloned into the Sail site of the plasmid 
vector pSP72 (Promega, Madison, WI, so as to destroy the Xhol 
20 site HnKing the two sequences. The upstream fragment was then 
excised with Xhol and Smal, and the downstream fragment with 
TcoRV and Xhox. The resulting isolated fragments were Ixgateo 
together with Sal! digested pSP7 2 to give the plasmxd pDHl. 
PM1 contains a lO.e to insert that includes at least D 
25 segments and can be excised with Xho! (»•) and EcoRV (3 , . 



A 



4 . pCORl 

The plasmid P JM2 was digested with Asp718 (an 
isoschizomer of Kpnl) and the overhang filled in with the 
30 Klenow fragment of DNA polymerase I. The -^^^ 
then digested with Clal and the insert xsolated. This insert 
was ligated to the XhoI/EcoRV insert of pDHl and Xhol/Clal 
digested pGPe to generate pCORl (Fig. 29). 

35 5. PVE25I ^ ^ ^ genom . c H . ndiii containing the two 

human heavy chain variable region secants v H 25l and v.105 (C-G. 
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Humphries et al. (1988) Nature 331, 446) was subclone* into 
pSP72 to give the plasmid pVH251. 

Eim Tne plasm id pCORl was partially digested with Xhol and 
the isolated Xhol/Sall insert of P VH251 cloned into the 
upstream Xhol site to generate the plasmid pIGMl (Fig. 30). 
pIGMl contains 2 functional human variable region segments, at 
least 8 human D segments all 6 human J H segments, the human J- M 
enhancer, the human „„ element, the human M switch reg.on all 
of the human m coding exons, and the human element, together 
with the rat heavy chain 3- enhancer, such that all of these 
sequence elements can be isolated on a single fragment, away 
from vector sequences, by digestion with Notl and micro injected 
into mouse embryo pronuclei to generate transgenic animals. 

C. rnn^ructioi. nf ™* ^r. pressing mliHlnmi transgene, . 

! Tcni.tion of i ^nn^tant rf-gion clones 

The following oligonucleotide, specific for human Ig g 

constant region genes: 

oligo-29 5- cag cag gtg cac acc caa tgc cca tga gcc cag aca 
ctg gac -3 1 

was used to screen the human genomic library. Phage clones 
129.4 and A29.5 were isolated. A 4 kb HindHI fragment of 
phage clone A29.4, containing a switch region, was used to 
probe a human placenta genomic DNA library cloned into the 
phage vector lambda FIX" II (Stratagene, La Jolla, CA) . Phage 
clone ASgl.13 was isolated. To determine the subclass of the 
different 7 clones, dideoxy sequencing reactions were earned 
out using subclones of each of the three phage clones as 
templates and the following oligonucleotide as a primer: 

oligo-67 5-- tga gcc cag aca ctg gac -3' 

Phage clones A29.5 and AS-,1.13 were both determined to 

be of the 7I subclass. 
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2. pnrel 

A 7.8 kb Hindlll fragment of phage clone A29.5, 
^n-hain-inrt the 7 1 coding region was cloned into pUC18. The 
5 resulting'plasmid, pLTl, was digested with Xhol , Klenow 

treated, and religated to destroy the internal Xhol site. The 
resulting clone, pLTlxK, was digested with Hindlll and the 
insert isolated and cloned into pSP72 to generate the plasmid 
clone pLTlxks. Digestion of pLTlxks at a polylinker Xhol site 
10 and a human sequence derived BamHI site generates a 7 . 6 kb 

fragment containing the 7 1 constant region coding exons. This 
7 6 kb XhoI/BamHl fragment was cloned together with an adjacent 
downstream 4.5 kb BamHI fragment from phage clone A29.5 into 
XhoI/BamHI digested pGPe to generate the plasmid clone p 7 el. 
p^el contains all of the ,1 constant region coding exons, 
together with 5 kb of downstream sequences, linked to the rat 
heavy chain 3' enhancer. 
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3. Pie2 

A 5.3 kb Hindlll fragment containing the -yl switch 
region and the first exon of the pre-switch sterile transcript 
(P Sideras et al . (1989) International Immunol. 1 , 631) was 
isolated from phage clone AS 7 1.13 and cloned into P SP72 with 
the polylinker Xhol site adjacent to the 5- end of the insert, 
to generate the plasmid clone P S 7 ls. The Xhol/Sall insert of 
pS-rls was cloned into Xhol digested p 7 el to generate the 
plasmid clone p 7 e2 (Fig. 31). P7 e2 contains all of the 7 1 
constant region coding exons, and the upstream switch region 
and sterile transcript exons, together with 5 kb of downstream 
sequences, linked to the rat heavy chain 3- enhancer. This 
clone contains a unique Xhol site at the 5- end of the insert. 
The entire insert, together with the Xhol site and the 3' rat 
enhancer can be excised from vector sequences by digestion with 



Notl. 
4 . pHCl 



The plasmid pIGMl was digested with Xhol and the 43 kb 
insert isolated and cloned into Xhol digested P ge2 to generate 
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the plasmid pHCl (Fig. 30). pHCl contains 2 functional human 
variable region segments, at least 8 human D segments all 6 
human J H segments, the human J-M enhancer, the human ap 
element, the human , switch region, all of the human m coding 
axons, the human I* element, and the human ,1 constant regxon, 
including the associated switch region and sterile transcript 
associated exons, together with the rat heavy chain 3' 
enhancer, such that all of these sequence elements can be 
isolated on a single fragment, away from vector sequences, by 
digestion with NotI and microinjected into mouse embryo 
pronuclei to generate transgenic animals. 

Ca^-rr^^L T «M *" d Iq G "Hosing miniums t.ransgene . 
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D. 

dHC2 

Tcni a t^n of ^ ^»1n V region gene VH49.8 



30 



LIUH wj- 1 

The human placental genomic DNA library lambda, FIX" 
II, Stratagene, La Jolla, CA)' was screened with the following 
human VH1 family specific oligonucleotide: 

oligo-49 5-- gtt aaa gag gat ttt att cac ccc tgt gtc etc tec 
aca ggt gtc -3 1 

Phage clone A49.8 was isolated and a 6.1 kb Xbal 
fragment containing the variable segment VH49.8 subclone* into 
PNN03 (such that the polylinker Clal site is downstream of 
VH49.8 and the polylinker .Xhol site is upstream) to generate 
the plasmid P VH49.8. An 800 bp region of this insert was 
sequenced, and VH49.8 found to have an open reading frame and 
intact splicing and recombination signals, thus indicating that 
the gene is functional (Table 2). 
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7ICCTICAGGC AGGATITAGG GCTTGGXCIC TCAGCATCCC ACACTIGTAC 
AGCIGATGIG GCATCISKn mCITICK ATCCIAGATC MGCTfflG 
CKKftMIA TGWUHGCA AKEAATCIGA GGTCnCTG?. 

GATAAABIA GHKKTSG TCCCCIGSffi SMCKSa ACAACCAGAT 
TCCTCCTCTA AAGAAGCCCC 1GGGAGCACA GCTCATCACC A^33A 
OTGGAGST' CCICTTTCT3 GTOSCAGCAG CIACAGgtaa ggggct-.ccc 
hrTrpArgPh eleuPheVal ValAlaAUA ^ aaa „ t -_ a ^_ 35C 
agtcccaagg ccgaggaagg gaccccggc- -agtt=aaga gg= 




GlyValGln SerGlnValS Me£>aIG: 
ysfroGiySe rservallys V*LS£»£ 

MsacOT agcagctatc a£~-£ 

^ ^-i ^i.^rh>-ohp SerSerTvrA. lalleSerTr pvaiAruo^.. 
SS^S S£* BKOC CDOCCTIQC- 
SeuGl uTrctfetGly ArgllelieP roIlaUuG. 

Ttt^rh rSp^-Ala -rvr^tGlu L euSerSe r^ -jArgber^ 
G^C?iCG3CCG TGTAix^*^ ivxununuri 



GC CGGGCTGAo^ 



^cwrhrAlaV alTvrTvrCy sAlaArg 

S toB r gagggagaag ggagctgig: 

fflfflE GirffiME ntAAGGOG TITACAAAAT GGGTTATATA 



10C 



200 
25C 
200 



50C 
600 



~0U 

800 
812 



Table 2 Sequence of.human V H I family gene V H 49.8 
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A 4 kb Xbal genomic fragment containing the human V„IV 
family gene V H 4-21 (I. Sanz at al. (1989) EMBO_J. , 8, 3741) 
subcloned into the plasmid P UC12, was excised with Smal and 
HindHI, and treated with the Klenow fragment of polymerase I. 
The blunt ended fragment was then cloned into Clal digested, 
Klenow treated, P VH49.8. The resulting plasmid, P V2, contains 
the human heavy chain gene VH49.8 linked upstream of VH4-21 m 
the same orientation, with a unique Sail site at the 3- end of 
the insert and a unique Xhol site at the 5' end. 



3. pSnrl-5' 

A 0 7 kb Xbal/HindHI fragment (representing sequences 
immediately upstream of, and adjacent to, the 5.3 kb ,1 switch 

5 region containing fragment in the plasmid p-re2) together with 
the neighboring upstream 3.1 kb Xbal fragment were isolated 
from the phage clone ASgl.13 and cloned into Hindlll/Xbal 
digested P UC18 vector. The resulting plasmid, P S 7 1 5', 
contains a 3.8 kb insert representing sequences upstream of the 

20 initiation site of the sterile transcript found in B "^ S 

prior to switching to the ^ isotype (P- Sideras et al. (1989) 
Tnt _ r ^^ a i Tunnel.. 1. 631). Because the transcript is 
implicated in the initiation of isotype switching, and upstrean 
cis-acting sequences are often important for transcription 

25 regulation, these sequences are included in transgene 
constructs to promote correct expression of the sterile 
transcript and the associated switch recombination. 



30 



35 



4 . pVGEl 

The pS-yl-5- insert was excised with Smal and HindHI, 
treated with Klenow enzyme, and ligated with the following 
oligonucleotide linker: 

5 1 - ccg gtc gac egg -3 1 

The ligation product was digested with Sail and ligated to Sail 
digested pV2. The resulting plasmid, pVP, contains 3.8 kb of 
7 l switch 5- flanking sequences linked downstream of the two 
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human variable gene segments VH49.8 and VH4-21 (see Table 2). 
The pVP insert is isolated by partial digestion with Sail and 
complete digestion with Xhol, followed by purification of the 
n kb fragment on an agarose gel. The insert is then cloned 
into the Xhol site of P7 e2 to generate the plasmid clone P VGE1 
(Fig 32). pVGEl contains two human heavy chain variable gene 
segments upstream of the human 7 l constant gene and associated 
switch region. A unique Sail site between the variable and 
constant regions can be used to clone in D, J, and m gene 
segments. The rat heavy chain 3- enhancer is linked to the 3- 
end of the n l gene and the entire insert is flanked by NotI 
sites. 



15 



20 



25 



30 



35 



5- PHC2 ^ 
The plasmid clone pVGEl is digested with Sail and the 

Xhol insert of pIGMl is cloned into it. The resulting clone, 
P HC2 (Fig. 30), contains 4 functional human variable region 
segments, at least 8 human D segments all 6 human J H segments, 
the human J-m enhancer, the human on element, the human u 
switch region, all of the human p coding exons, the human Zm 
element, and the human 7 l constant region, including the 
associated switch region and sterile transcript associatea 
exons, together with 4 kb flanking sequences upstream of the 
sterile transcript initiation site. These human sequences are 
linked to the rat heavy chain 3- enhancer, such that all of the 
sequence elements can be isolated on a single fragment, away 
from vector sequences, by digestion with NotI and microinjected 
into mouse embryo pronuclei to generate transgenic animals. A 
unique Xhol site at the 5 • end of the insert can be used to 
clone in additional human variable gene segments to further 
expand the recombinational diversity of this heavy chain 
minilocus. 

E. Transgen ic mice 

The NotI inserts of plasmids pIGMl and pHCl were 
isolated from vector sequences by agarose gel electrophoresis. 
The purified inserts were microinjected into the pronuclei or 
fertilized (C57BL/6 x CBA)F2 mouse embryos and transferred tr.e 
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surviving embryos into pseudopregnant females as described by 
Hogan et al. (B. Hogan, F. Costantini, and E. Lacy, Methods of 
Manipulating the Mouse Embryo, 1986, Cold Spring Harbor 
Laboratory, New York) - Mice that developed from injected 
5 embryos were analyzed for the presence of transgene sequences 
by Southern blot analysis of tail DNA. Transgene copy number 
was estimated by band intensity relative to control standards 
containing known quantities of cloned DNA. At 3 to 8 weeks of 
age, serum was isolated from these animals and assayed for the 
10 presence of transgene encoded human IgM and IgGl by ELISA as 
described by Harlow and Lane (E. Harlow and D. Lane. 
Antibodies: A Laboratory Manual, 1988, Cold Spring Harbor 
Laboratory, New York). Microtiter plate wells were coated with 
mouse monoclonal antibodies specific for human IgM (clone AF6, 
15 #0285, AMAC, Inc. Westbrook, ME) and human IgGl (clone JL512, 
#0280, AMAC, Inc. Westbrook, ME). Serum samples were serially 
diluted into the wells and the presence of specific 
immunoglobulins detected with affinity isolated alkaline 
phosphatase conjugated goat anti-human Ig (polyvalent) that had 
been pre-adsorbed to minimize cross-reactivity with mouse 
immunoglobulins. Fig. 33 shows the results of an ELISA assay 
for the presence of human IgM and IgGl in the serum of two 
animals that developed from embryos injected with the transgene 
insert of plasmid pHCl. One of the animals (#18) was negative 
25 for the transgene by Southern blot analysis, and showed no 
detectable levels of human IgM or IgGl. The second animal 
(#38) contained approximately 5 copies of the transgene, as 
assayed by Southern blotting, and showed detectable levels of 
both human IgM and IgGl. The results of ELISA assays for 11 
30 animals that developed from transgene injected embryos is 
summarized in the table below (Table 3). 
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Table 3. Detection of human IgM and IgGl in the serum of 
transgenic animals by ELISA assay 



approximate 

5 injected transgene _ 

animal # transaene cop* * (per ceil) human iqM 



IaGl 

6 pIGMl 



10 



7 pIGMl 0 

9 pIGMl 0 

15 10 pIGMl 0 

12 pIGMl 0 

15 pIGMl 10 

'20 

18 pHCl 0 

19 pHCl 1 
25 21 pHCl 

26 pHCl 

38 pHCl 

30 



<1 



+ + 



+ + 



human 



++ + 
++ + 
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Table 3 shows a correlation between the presence of 
integrated transgene DNA and the presence of transgene encoded 
immunoglobulins in the serum. Two of the animals that were 
Cd to contain the pHCl transgene did not express detected 
"levels of human immunoglobulins. These were both low copy 
animals and may not have contained complete copies of the 
transgenes, or the animals may have been genetic -™ 
(indicated by the <1 copy per cell estimated for »»»"*«^ 
and the transgene containing cells may not have populated the 
bematopoetic lineage. Alternatively, the transgenes may have 
integrated into genomic locations that are not conduce to 
their expression. The detection of human Ig« in the serum of 
pioa transgenics, and human IgH and 1,01 in pHCl transgenics, 
indicates that the transgene sequences function correctly m 
directing VDJ joining, transcription, and isotype sw.tchxng. 

FY AMPLE 15 

PgtaT -r a naed H QaT, Y r.ha in Transgenes 

A ^g^atAon.of.Rearran qed Hu m an _Heayy_Cham ™ secpnents. 

0 ' Two human leukocyte genomic DNA libraries cloned into 

the phage vector 1EMBL3/SP6/T7 (Clonetech Laboratories, Inc., 
Palo Alto, CA) are screened with a 1 Kb PacI/HindXII fragment 
of A1.3 containing the human heavy chain J-„ intronxc enhancer 
Positive clones are tested for hybridization with a mxxture of 

25 the following V„ specific oligonucleotides: 

oli go-7 5-tca gtg aag gtt tec tgc aag gca tot gga tac acc ttc 



acc-3 1 



30 oligo-8 5 -tee cte aga etc tec tgt gca gee tet gga tte acc ttc 
agt-3 ' 

Clones that hybridized with both V and J-M probes are 
isolated and the DNA sequence of the rearranged VDJ segment 
35 determined. 
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ri|| t1 „ f ^rrang.d h,. M n hWYY ^i" trapsqenes 

Fragments containing functional VJ segments (open 
reading frame and splice signals, are subclone* ^° th * 
piasmid vector P SP72 such that the plasmid derived Xho! t_ - 
adjacent to the end of the insert sequence 
containing a functional VDJ segment is digested with Xhol and 
Pad (Pad. a rare-cutting enzyme, recognizes a 
j-m intronic enhancer) . and the insert cloned into Xhol/Pad 
digested pHC2 to generate a transgene construct with a 
functions! VO, segment, the intronic enhancer the , switch 
element, the M constant region coding exons, and the ,1 

nstani region, including the sterile transcript 
sequences, the ,1 switch, and the coding exons This transgene 
construct is excised with HotI and microinjected into the 
pronuclei of mouse embryos to generate transgenic animals 
described above. 

FY AMPLE 16 

T.ir ^f r.hain T ransaenes 
20 a* ^nctmction ~f ^ vectors 

1. Plasmid vector pGPlc 

Plasmid vector pGPla is digested with NotI and the 
following oligonucleotides ligated in: 

25 oligo-81 5-ggc cgc ate ccg 'ggt etc gag gtc gac aag ctt teg agg 

ate cgc-3 ' 



oUgo-82 5-ggc cgc gga tec teg aaa get tgt cga cct cga gac ccg 

30 gg a tgc-3 1 

The resulting plasmid, pSPle. contains a polylinKer with X»I , 
Xhol. sail, Hindi!!, and BamHI restriction sites flanked by 
NotI sites. 

35 

2. Plasmid vector pGPld 

Plasmid vector pGPla is digested with NotI and the 

following oligonucleotides ligated in: 
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oligo-87 5'-ggc cgc tgt cga caa get tat cga tgg ate etc gag tgc 
-3' 

oligo-88 5--ggc cgc act cga gga tec ate gat aag ctt gtc gac age 

The resulting plasmid, pGPld, contains a polylinker with Sail, 
HindUI, Clal, BamHI, and Xhol restriction sites flanked by 
NotI sites. 

B. Isolation of 3k anri Ck clones 

A human placental genomic DNA library cloned into the 
phage vector AEMBL3/SP6/T7 (Clonetech Laboratories, Inc., Palo 
Alto, CA) was screened with the human kappa light chain J 
region specific oligonucleotide: 

oligo-36 5>- cac ctt egg cca agg gac acg act gga gat taa acg 
taa gca -3 ' 

) and the phage clones 136.2 and 136.5 isolated. A 7.4 kb Xhol 
fragment that includes the JkI segment was isolated from 136.2 
and subcloned into the plasmid P NN03 to generate the plasmid 
clone P 36.2. A neighboring 13 kb Xhol fragment that includes 
Jk segments 2 through 5 together with the Ck gene segment was 
5 isolated from phage clone 136.5 and subcloned into the plasmid 
PNN03 to generate the plasmid clone p36.5. Together these two 
clones span the region beginning 7.2 kb upstream of JkI and 
ending 9 kb downstream of Ck. 

j0 C. instructio n »f rearranqPrt light chain transgenes 

l. pCKl, a Ck vector for expressing rearranged variable 
segments 

The 13 kb Xhol insert of plasmid clone p36.5 
containing the Ck gene, together with 9 kb of downstream 
35 sequences, is cloned into the Sail site of plasmid vector pGPlc 
with the 5- end of the insert adjacent to the plasmid Xhol 
site. The resulting clone, pCKl can accept cloned fragments 
containing rearranged VJk segments into the unique 5- Xhcl 
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site. The transgene can then be excised with NotI and purified 
from vector sequences by gel electrophoresis. The resulting 
transgene construct will contain the human J-Ck intronic 
enhancer and may contain the human 3' k enhancer. 

5 

2. pCK2, a Ck vector with heavy chain enhancers for expressing 
rearranged variable segments 

A 0.9 kb Xbal fragment of mouse genomic DNA containing 
the mouse heavy chain J-/i intronic enhancer (J. Banerji et al. 
10 (1983) Cell 33, 729-740) was subcloned into pUC18 to generate 

the plasmid pJH22.1. This plasmid was linearized with SphI and 
the ends filled in with klenow enzyme. The klenow treated DNA 
was then digested with Hindlll and a 1.4 kb 

Mlul (klenow) /Hindlll fragment of phage clone A1.3 (previous 
15 example) , containing the human heavy chain J-m intronic 

enhancer (A. Hayday et al. (1984) Nature 307, 334-340), to it. 
The resulting plasmid, pMHEl, consists of the mouse and human 
heavy chain J-n intronic enhancers ligated together into pUC18 
such that they are excised on a single BamHI/Hindlll fragment. 
20 This 2.3 kb fragment is isolated and cloned into pGPlc to 

generate pMHE2. pMHE2 is digested with Sail and the 13 kb Xhol 
insert of p3 6.5 cloned in. The resulting plasmid, pCK2 , is 
identical to pCKl, except that the mouse and human heavy chain 
J-H intronic enhancers are fused to the 3- end of the transgene 
25 insert. To modulate expression of the final transgene, 

analogous constructs can be generated with different enhancers, 

1. e. the mouse or rat 3' kappa or heavy chain enhancer (K. 
Meyer and M.S. Neuberger, (1989) EMBO J., 8, 1959-1964; S. 
Petterson, et al. (1990) Nature , 344, 165-168). 

30 

2. isolation of rearranged kappa light chain variable segments 

Two human leukocyte genomic DNA libraries cloned into 
the phage vector AEMBL3/SP6/T7 (Clonetech Laboratories, Inc., 
Palo Alto, CA) were screened with the human kappa light chain J 
35 region containing 3.5 kb Xhol/Smal fragment of P 3 6.5. Positive 
clones were tested for hybridization with the following V* 
specific oligonucleotide: 
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oligo-65 5'-agg ttc agt ggc agt ggg tct ggg aca gac ttc act etc 
acc ate agc-3 ' 

Clones that hybridized with both V and J probes are isolated 
5 and the DNA sequence of the rearranged VJk segment determined. 

3. Generation of transgenic mice . containing rearranged human 
light chain constructs. 

Fragments containing functional VJ segments (open 
10 reading frame and splice signals) are subcloned into the unique 
Xhol sites of vectors pCKl and pCK2 to generate rearranged 
kappa light chain transgenes. The transgene constructs are 
isolated from vector sequences by digestion with Notl. Agarose 
gel. purified insert is microinjected into mouse embryo 
15 pronuclei to generate transgenic animals. Animals expressing 
human kappa chain are bred with heavy chain minilocus 
containing transgenic animals (EXAMPLE 14) to generate mice 
expressing fully human antibodies. 

Because not all VJ/c combinations may be capable of 
20 forming stable heavy-light chain complexes with a broad 

spectrum of different heavy chain VDJ combinations, several 
different light chain transgene constructs are generated, each 
using a different rearranged VJk clone, and transgenic mice 
that result from these constructs are bred with heavy chain 
25 minilocus transgene expressing mice. Peripheral blood, spleen, 
and lymph node lymphocytes are isolated from double transgenic 
(both heavy and light chain constructs) animals, stained with 
fluorescent antibodies specific for human and mouse heavy and 
light chain immunoglobulins (Pharmingen, San Diego, CA) and 
30 analyzed by flow cytometry using a FACScan analyzer (Becton 
Dickinson, San Jose, CA) . Rearranged light chain transgenes 
constructs that result in the highest level of human 
heavy/light chain complexes on the surface of the highest 
number of B cells, and do not adversely affect the immune cell 
35 compartment (as assayed by flow cytometric analysis with B and 
T cell subset specific antibodies) , are selected for the 
generation of -human monoclonal antibodies. 
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D . ,- Ml rr-t'- n - "-""^ ****** 

rSS! . =. contains vector for constructing 

minilocus transgenes 

The 13 Kb Cx containing Xhol insert of P 36.5 is 
' treated with Klenow enzyme and cloned into HindHI digested, 
Jen" treated, plasmid pGPld. A plasmid clone is seXected 
Ten that the , end of the insert is adjacent to the vector 
derived Clal site. The resulting plasmid, P 36.5 id is 

kb Xhol insert of p36.2 is ^nen in 

.« a clone is selectea in 

t he claX. ^.^l;Z ;,TsJ. orientation as the P3S.S 
which the P3 e. 2 inser ^is in th ^ ^ ^ 

^,p r t This clone, pJCKi iriy* 
, ! region and c. together with 7.2 Xb of upstream 

d ,\b of downstream sequences. The insert also con a ns the 
human J-c intronic enhancer and may contain - « 

in unrearranged V. gene segments. The unique sail and Xhol 
sites are in turn flanKed by NotI sites that are used to 
"olate t he competed transgene construct away fro. vector 

25 sequences. 

2 isolation of unrearranged V. gene segments and 9eneration 
If t ansgenic animaXs expressing human !, light 

The V« specific oligonucleotide, oligo-65 (discussed 
30 above,, is used to probe a human placental genomic DNA library 
cloned into the phage vector 1EMBL3/SP6/T7 

r> i /-> iit-o CK) • variable gene segments 
laboratories, Inc., Pal , »Uo. « ^ ^ appear 

result ina clones are seguenucu, 
from the result g ^ ^ £unctionallty 

functional are selected. acoept or and donor 

35 include: open reading ^J^^- - — ents 

unique Xhol site of plasmid pJCKl to generate minilocus 
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constructs. The resulting clones are digested with NotI and 
the inserts isolated and injected into mouse embryo pronuclei 
to generate transgenic animals. The transgenes of these 
animals will undergo V to J joining in developing B-cells. 
5 Animals expressing human Kappa chain are bred with heavy chain 
minilocus containing transgenic animals ( EXAMPLE 14) to 
generate mice expressing fully human antibodies. 

FXAMPLE 17 

10 c yT vhh P t.ic Hp »"Y phain Viable Region 

This example is outlined in Fig. 35. 

A. rn^t.ructi"" nf Cloning Vector pVHf 

1. pGPlf ^ ... 

15 The plasmid pGPla (previous example) is digested with 

NotI and the following oligonucleotides are ligated to it: 

oligo-''a»5'-ggc cgc atg eta etc gag tgc aag ctt ggc cat cca-3 « 
oligo-»b»5'-ggc ctg gat ggc caa get tgc act cga gta gca tgc-3 

2 0 

The resulting plasmid, pGPlf, contains SphI, Xhol, and HindHI 
sites flanked by NotI and Sfil sites. 



2. pVHf 

25 The human V„-V family variable gene segment V„251 

(C.G. Humphries et al. (1988) Nature, 331, 446) together with 
approximately 2.4 kb of 5- flanking sequences and approximately 
1 4 kb of 3' flanking sequences was isolated on a 4.2 kb 
Sphl/HindHI fragment from the plasmid clone P VH251 (previous 
example) and cloned into the plasmid vector pSelect-l (Promega 
Corp., Madison, WI) . The 5' flanking sequences, together with 
the promoter, first exon and first intron of V„251, are 
amplified by polymerase chain reaction (PGR) from this template 
using the following oligonucleotides: 



30 



35 



oligo-83 5'-cag etc gag etc ggc aca ggc gec tgt ggg-3' 
oligo-84 5' -etc tag-agt cga cct gca ggc-3 ' 
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The 3. flanking sequences are amplified by PGR using 
the following oligonucleotides: 

oligo-85 5- age etc gag ccc gtc taa aac cct cca cac-3' 
oligo-86 5«-ggt gac act ata gaa tac tea agc-3 • 

riiaested with SphI and Xhol, and 
T he amplified = s f ^ The resulting 

the 3 1 sequences digested wxwi « 



10 



15 



20 



30 



genlrate plasmid pVHf . PI— « P™* " nt « nS th * ^f"" 9 
regulatory elements that control transcription of V S1. 
together with the signal sequence encoding first axon pVHf is 



35 



used as an agression cassette for haavy chain variable 
Aeneas, such sequences are cloned into the KasX/xhoi 
digested plasmid as described below. 

B T m ' "»"*"e Ge n n Codin g Sequence s 

M plifi=ation^Texpressed v„ gene cDNA sequences 

Poly W »A is isolated fro human peripheral blood 
lymphocytes ,«L). «rst strand d» is .y»th..i»* with 
reverse transcriptase, using oligo-.dT, as a pr«r. The 
strand cDNA is isolated and tailed with, oligo (dG) using 
fer^ina transferase. The 5, sequences of !gM "anscrip s ar 
Z specificaily amplified by a modification of t a me o of 
Prohman et .1. (1988, P^jatL^d^JSA. 8998 > 
01igo-(dC) 13 and the following oligonucleotide: 

oligo-69 5'-gga att etc aca gga gac gag-3 • 

are used as 5< and 3' primers, respectively, in a P°^" se 
are used a d - talled £irs t strand PBL cDNA. Oligo-69 

chain reaction with dG tailed 11 

is complimentary to sequences encoding ammo acids 1 1 ^ 
Ig „ constant domain. Therefore these primers will amplify 

n 6 kfo that include expressed v 
fragments of approximately 0.6 kd tnat 

gene sequences. 
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2. Back-conversion of cDNA sequences into germline form 

The following oligonucleotide: 
oligo-"c»5'-ctg acg act ctg tat ggc gcc (ct)a(cg) t(cg) (ct) 

(cg)ag (ag)t(cg) ca(ag) ct(gt) gtg (cg)a(ag) tc(gt) 

5 gg(gt)-3' 

is annealed to denatured, PCR amplified, IgM 5' sequences. 
Oligo-»c» includes a 21 nucleotide nondegenerate sequence that 
includes a KasI site, followed by a 30 nucleotide degenerate 
sequence that is homologous to the 5- end of the second exon of 
many human V H segments (Genbank; Los Alamos, NM) . The primer 
is extended with DNA polymerase and the product isolated from 
unused primer by size fractionation. The product is then 
denatured and annealed to the following oligonucleotide: 



10 



15 



oligo-"d»5'-ggg etc gag get ggt ttc tct cac tgt gtg t(cgt)t 
(aegt) (ag) (ct) aca gta ata ca(ct) (ag)g(ct)-3' 

Oligo-»d» includes a 30 nucleotide nondegenerate sequence that 
20 includes an Xhol site and part of the V to DJ recombination 

sequence, followed by a 21 nucleotide degenerate sequence that 
is complimentary to the the sequence encoding the last seven 
amino acids in framework region three of many human variable 
gene segments. The annealed oligonucleotide is then extended 
25 with DNA polymerase and the product isolated from unused primer 
by size fractionation. Single rounds of DNA synthesis followed 
by removal of primers are carried out to ensure the sequence 
integrity of individual variable gene fragments. The product 
of oligo-"d» primer extension is amplified by PCR using the 
30 following two oligonucleotides as primers: 

oligo-"e" 5 '-ctg acg act ctg tat ggc gcc-3 ' 

oligo-"f" 5'-ggg etc gag get ggt ttc tct-3 • 

The resulting 0.36 kb PCR product is purified by gel 
electrophoresis and digested with the restriction enzymes KasI 
and Xhol. Digestion products are then cloned into Kasl/Xhol 
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digested pVHf to generate a library of expressed variable gene 
sequences in germline configuration. Ligation into the KasI 
site of pVHf recreates the splice acceptor site at the 5' end 
of the second exon, while ligation into the Xhol site recreates 
5 the recombination signal at the 3- end of the variable gene 
segment. Alternative versions of degenerate oligonucleotides 
"c" and "d" are used to amplify different populations of 
variable genes, and generate germline-conf iguration libraries 
representing those different populations (Genbank; Los Alamos, 
10 NN) . 

C. Construction of Syntheti c Locus 

The entire library of synthetic germline-conf iguration 
V„ genes is grown up together and plasmid DNA isolated. The 

15 medium copy plasmid pVHf , which includes a strong transcription 
terminator between the ampicillin resistance gene and the 
cloning site, is designed to minimize the expansion of 
particular clones within the library. Plasmid DNA is digested 
with Sfil, treated with calf intestinal phosphatase to remove 

20 5' phosphate groups, and then digested with Notl . The calf 
intestinal phosphatase is removed prior to Notl digestion so 
that only the Sfil ends are dephosphorylated. The digested DNA 
is then isolated from vector sequences by agarose gel 
electrophoresis and ligated to the following oligonucleotides: 



oligo-"g" 5'-ggc eta act gag cgt ccc ata ttg aga acc tec -3' 
oligo-"h" 5'-ggt tct caa tat ggg acg etc agt ta-3 • 

30 01igo-»h" is kinased while oligo-"g" is left unphosphorylated. 
The ligation reaction is carried out with a large molar excess 
of oligonucleotides so that all of the V gene fragment Notl 
ends will be ligated to oligonucleotides and not other V region 
fragments. Because the Sfil ends are not self compatible, the 

35 V segments will concatenate in the same orientation such that 
each V segment is separated by a single oligonucleotide spacer 
unit from the next V segment. 
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Large concatomers are sized by electrophoresis and 
isolated from agarose gels. The size fractionated concatomers 
are then directly coinjected into mouse embryo pronuclei 
together with D-J-C containing DNA fragments (such as the pHC. 
5 or pHC2 inserts) to generate transgenic animals with large 

primary repertoires. Alternatively, the concatomers are cloned 
into a plasmid vector such as pGPf . 




10 ftg> nerat j-on oj 

antibodies. . . ^ . 

The inoculation of mice with xenogeneic (i.e. human) 

immunoglobulins (B-cell receptors) or T-cell receptors leads 

predominantly to the generation, of mouse antibodies *"ected 

15 against particular epitopes (dominant epitopes) that shared by 

all or most immunoglobulins or T-cell receptors of a given 

species, but differ between species. It is therefore difficult 

to isolate antibodies that distinguish particular subsets of B 

or T cell receptors (e.g., idiotypes or variable region 

20 families) . However, the transgenic mouse expressing human 

immunoglobulins (described in the above examples) will be 

immunologically tolerant of those shared B-cell epitopes and 

will therefore be useful for generating antibodies that 

distinguish subsets of human immunoglobulins. This concept is 

25 extended by generating transgenic mice expressing human T-cell 

receptor coding sequences and breeding these mice with the 

human immunoglobulin transgenic mice. Such mice are inoculated 

with isolates containing human T-cell receptor proteins and 

uonoclonal antibodies are generated that recognize T-cell 

30 receptor subsets. . 

Studies have demonstrated that there is a limited 
variability of T cell antigen receptors involved in certain 
autoimmune diseases (T.F. Davies et al. (1991) N .w En gland J. 
Mid,, 325, 238) . Because of this limited variability, it is 
35 possible to generate human monoclonal antibodies that 

specifically recognize that subset of human T cells which is 
auto-reactive. . 
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» I Inn nf M -nnrlfjr a.nti,bodigs 

inoculated wit, immunoglobulins isolated from a healthy don r 

a patient with a B -=ell malignancy expressing ah h 
level of a single immunoglobulin type (Miller et al. (1982, 
\ 306 517-522) . Monoclonal antibody secreting 

Eng. J- Med. 306, 517 mi Harlow and Lane (E. 

nybridomas are generated " ^^J^^l. — . cold 
„ arl ow and o. Lane. ^^J^ZZi^ hybridous 
qnrina Harbor Laboratory, New YorK) . J.nu 
spring naJ - WVJ , . rallv recognize 

that secrete human antibodies that specifically r 

B-cell subsets are selected. 

• „ H„Tn*n t rr-11 r^°P tnr sequences.. 
»• ir^sgeci n i r -Tr>"- ^ Z^ ^T^M^^T 
DNA fragments, containing intact and fully 

5 hU man T-ceTl receptor (TCR) . and , genes are coined into 
mouse embryo pronuclei to generate transgenic . an mal ^ 
Tr ansgenic animals are ^ , « Tblir T-cells. 
expression of both transgenes on the ^face 
Animals are selected that express only low eve s 

fi TCR chains on a fraction of their T-cells. y 

0 a and 0 TCR chai immunological tolerance, 

level expression is required *° iInmune 

an d high ------ mount an immune 

rpl^r/elTor the generation monoclonal antibodies 

Tfnd , chain c D KA clones are inserted into 

expression cassettes (T. Choi et al <»W - 

n 3070-3074) under the control of non-TCR trans P 

TCR « and p chain cDNA transgene constructs are 
30 signals. TCR a ana P aenerate transgenic 

collected into mouse embryo p.onu le to gen r ^ 

animals. Ectopic expression of the TCR cha 

in cell surface expression because the TCR is a 

complex (H. Clevers et al. 1988 reauired for 

surface expression is not requxreu 
-i c 629-662); however, cell surrace e* P 

3b o<s» m , o4 . _i (1986) Nature, 324., 
antigen presentation (Townsend et al. (198 ) 

- 57 5-577) "and tolerance induction,. ... 
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T-cell receptor a and p chain transgenic mice are bred 
with human immunoglobulin expressing transgenic mice to 
generate mice that are useful for generating human monoclonal 
antibodies that recognize specific subsets of human T-cell.. 

5 such mice are inoculated with T-cell derived proteins isolated 
from a healthy donor or from a patient with a T-cell malignancy 
expressing a single TCR type. Monoclonal antibody secreting 
hybridomas are generated and individual hybridomas that secrete 
human antibodies that specifically recognize B-cell subsets are 

10 selected. 

EXAMPLE 19 
r. onnm in Heavy rh*in Human T<7 Transgene 

This Example describes the cloning of a human genomic 
15 heavy chain immunoglobulin transgene which is then introduced 
into the murine germline via microinjection into zygotes or 

integration in ES cells. 

Nuclei are isolated from fresh human placental tissue 
asdescribed by Marzluff, W.F., t al. (1985), Transcri ption and 
20 ^. g1a tinn : A — Mmroach. B.D. Hammes and S.J. 

Higgins, eds., pp. 89-129, XRX. Press, Oxford). The i"l.t«d 
nuclei (or PBS washed human spermatocytes) are embedded in 0.5. 
lew melting point agarose blocks and lysed with 1 mg/ml 
proteinase K in 500mM EDTA, 1% SDS for nuclei, or with Img/ml 
25 proteinase K in 500mM EDTA, 1% SDS, 10mM DTT for spermatocytes 
at 50 -C for 18 hours. The. proteinase K is inactivated by 
incubating the blocks in 40Mg/*l PMSF in TE for 30 minutes at 
50-C, and then washing extensively with TE. The DNA is then 
digested in the agarose with the restriction enzyme NotI as 
3 0 described by M. Finney in r,im»nt Protocols in Molecular 

Biology. (F. Ausubel et al., eds. John Wiley & Sons, Supp. 4, 

1988, e.g., Section 2.5.1). 

The NotI digested DNA is then fractionated by pulsed 
field gel electrophoresis as described by Anand, R. et al. 
(1989). Nuc^cids_Res., II, 3425-3433. Fractions enriched for 
the NotI fragment are assayed by Southern hybridization to 
detect one -or more of the .sequences encoded by this fragment. 
Such sequences include the heavy chain D segments, J segments, 



35 
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and 7 1 constant regions together with representatives of all 6 
V families (although this fragment is identified as 670 kb 
fragment from HeLa cells by Berman et al. (1988), supra., we 
have found it to be an 830 kb fragment from human placental and 
5 sperm DNA) . Those fractions containing this NotI fragment 
(see Fig. 4) are ligated into the NotI cloning site of the 
vector pYACNN as described (McCormick, M. et al. (1990), 
Technique 2, 65-71) . Plasmid pYACNN is prepared by digestion 
of pYACneo (Clontech) with EcoRI and ligation in the presence 

10 of the oligonucleotide 5 ' - AAT TGC GGC CGC - 3'. 

YAC clones containing the heavy chain NotI fragment 
are isolated as described by Traver et al. (1989), Proc. Natl. 

sci. USA , 86, 5898-5902. The cloned NotI insert is 
isolated from high molecular weight yeast DNA by pulse field 

15 gel electrophoresis as described by M. Finney, op. cit. The 
DNA is condensed by the addition of 1 mM spermine and 
microinjected directly into the nucleus of single cell embryos 
previously described. Alternatively, the DNA is isolated by 
pulsed field gel electrophoresis and introduced into ES cells 

20 by lipofection (Gnirke et al. (1991), EMBO J ., 10, 1629-1634), 
or the YAC is introduced into ES cells by spheroplast fusion. 



EXAMPLE 20 

25 ni seontinuniis Genomic Heavy Chain To Transqene 

An 85 kb Spel fragment of human genomic DNA, 
containing V„6, D segments, J segments, the n constant region 
and part of the -y constant region (see Fig. 4), has been 
isolated by YAC cloning essentially as described in Example 1. 

30 A YAC carrying a fragment from the germline variable region, 

such as a 570 kb NotI fragment upstream of the 670-830 kb NotI 
fragment described above containing multiple copies of \\ 
through V 5 is isolated as described. (Berman et al. (1988), 
supra, detected two 570 kb NotI fragments, each containing 

35 multiple V segments.) The two fragments are coinjected into 
the nucleus of a mouse single cell embryo as described in 
Example 1. 
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Typically, collection of two different DN A fragments 
result in the integration of both fragments at the same 
insertion site within the chromosome. Therefore, 
„imate ly ,0, of the ^J^J^.^ 
5 contain at least one copy of each of the two gm 

have the V segment fragment inserted upstream o the constant 
region containing fragment. Of these animals about 50< wil 
carry out V to DJ joining by DNA inversion and about 50% by 

deletion, depending on the orientation of the 570 >cb NotI 

aexe-cxon, v , fragment. 
0 fragment relative to the position of the 85 kb Sp 9 

DNA is isolated froxn resultant transgenic animals and hose 

. . , fran^enes by Southern blot 

animals found to be containing both transgenes cy 

"bridization (specifically, those animals containing both 
Tltiple human V segments and human constant r^genes) are 
L5 tested for their ability to express human immunoglobulin 
m olecules in accordance with standard techniques. 

EXAMPLE 21 

T.i ni™ nve r i -r r"-" vtc fragments 

20 " two YACs carrying a region of overlap are joined in 

veast by meiotic recombination as described by Silverman et al 

"Je large VAC carrying seguences from both smaller YACs 
^e Z YACs are aligned with respect to the arms, such that 

25 L joined VAC will contain one centromeric vector arm and one 
„on-centromeric vector arm. If necessary the insert „ 
recloned in the vector using unique restriction sites at the 
^ the insert. If the insert is not a unigue restriction 
^gment. unigue sites are inserted into the vect or arms by 

,o oligonucleotide transformation of yeast, as described by 

30 ^thTe and EinK. op. cit. To join YACs carrying noncontiguous 
sequences which do not overlap, an overlap » created as 
follows The 3^ terminal region of the 5' YAC and the 5 
term"! region of the 3. YAC are subcloned, Joined in 

35 "rate a junction fragment, and reintroduced into one or both 
YACS by homologous recombination (Guthrie and rink, op cit) 
L two YACs are then meiotically recombined as described b> 
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Silverman et al. ( op cit) . The 3 
mice, e.g., as in Example 1. 



oined YAC is introduced into 



10 
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EXAMPLE 22 

T.l (1987) r-1 ^ 9^67-9677 and 

Lorenz. W. et al (1987) - ^ ^ 

ls depicted „ . f g. 11. * au j segments , and at 

in °T £ Ive "if erl; t V segments ,., , or a 750,0 MXuX to Hot! 
least five different * ieast 2Q ]nore 

cells as described in Example 1. 

EXAMPLE 23 
• « „ Tn if rnrm^ *Y T " vivo 

to produce a fragment of ahout 0^,, ^ ^ 

BssHII fragment (c) nave h Homologous 

additional 15-20 V segments over that found 
Xhol/Notl fragment (Example 22) - 

EXAMPLE 24 
jd^n^tl^of^nsU^^ 

^^^^^^tt^t is used to iwni*. C— —low 
An antigen of interest is Harbor. 

~ T ^ Manual, cola Sprl 9 

an<1 lane ' anSJ* 241 ^ following genetic traits: 

New YorK (1988)) a Bouse with the follow g g 

»t the endogenous having chain locus ro 
hOBOZygoslty at the e ^ ^ heInizyao us for a single 

3 ^Vn earrangeTh»an heavy chain .inUocus transgene 
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rearranged human kappa light chain transgene (Examples 7 and 

16) . . 

Following the schedule of immunization, the spleen is 

removed, and spleen cells used to generate hybridomas. Cells 

from an individual hybridoma clone that secretes antibodies 

reactive with the antigen of interest are used to prepare 

genomic DNA. A sample of the genomic DNA is digested with 

several different restriction enzymes that recognize unique six 

base pair sequences, and fractionated on an agarose gel. 

Southern blot hybridization is used to identify two DNA 

fragments in the 2-10 kb range, one of which contains the 

single copy of the rearranged human heavy chain VDJ sequences 

and one of which contains the single copy of the rearranged 

human light chain VJ sequence. These two fragments are size 

5 fractionated on agarose gel and cloned directly into P UC18. 

The cloned inserts are then subcloned respectively into heavy 

and light chain expression cassettes that contain constant 

region sequences. 

The plasmid clone p<yel (Example 14) is used as a heavy 
0 chain expression cassette and rearranged VDJ sequences are 

cloned into the Xhol site. The plasmid clone pCKl is used as a 
light chain expression cassette and rearranged VJ sequences are 
cloned into the Xhol site. The resulting clones are used 
together to transfect SP 0 cells to produce antibodies that 
>5 react with the antigen of interest (M.S. Co. et al. (1991) 
P rn,.. Natl- Acad. Sci . USA 88:2869). 

Alternatively, mKNA is isolated from the cloned 
hybridoma cells described above, and used to synthesize cDNA. 
The expressed human heavy and light chain VDJ and VJ sequence 
30 are then amplified by PCR and cloned (J.w. Larrich et al. 

(1989) Technology, 7:934-938). After the nucleotide 

sequence of these clones has been determined, oligonucleotides 
are synthesized that encode the same polypeptides, and 
synthetic expression vectors generated as described by C. Queen 
35 et al. (1989) N»f.1 . Arm*. Sci. USA., 84:5454-5458. 

The foregoing description of the preferred embodiments 
of the present invention has been presented for purposes cf 
illustration and description. They are not intended to be 
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exhaustive or to limit the invention to the precise for- 
Sella. and many modifications and variety are poss.oie 
in Ught of the above teachino. ^ 

Ml nnV ^ 1 ications ana parerrc 
incorpora^d b'y reference to the same extent as if 
individual publication or patent application was sp f- 
and individually indicated to be incorporated by referen 

such modifications and variations which may be 
apparent to a person sXilXed in the art are intended to be 
within the scope of this invention. 
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WHAT IS CLAIMED IS: 



10 



25 



1. An isolated immunoglobulin heavy-chain transgene 
comprising DNA encoding at least one variable gene segment, one 
diversity gene segment, one joining gene segment, and one 
constant region gene segment, wherein each of said gene 
segments is derived from DNA corresponding to immunoglobulin 
heavy chain gene segments from the same species or an 
individual of said species and wherein the segments are capable 
of undergoing gene rearrangement in vivo to form a rearranged 
gene encoding a heavy chain polypeptide. 



2. An immunoglobulin heavy-chain transgene of Claim 
1 wherein the length of said transgene is less than the length 

15 of the corresponding genomic DNA containing all of the gene 
segments contained on said heavy-chain transgene. 

3. The transgene of Claim 1 wherein said at least 
one constant region gene segment comprises at least two 

20 constant region gene segments. 

4. The transgene of Claim 3 wherein said one 
constant region gene segments comprises a n and a constant 
region gene segment. 



30 



35 



5. The transgen.e of Claim 1 wherein said at least 
one constant region gene segment comprises a 7 constant region 
gene segment. 

6. The transgene of Claim 1 wherein said at least 
one variable gene segment comprises DNA corresponding to a 
first functional D-proximal variable region gene segment of 
said species or said individual. 

7. The transgene of Claim 1 wherein the relative 
positions of each of said gene segments is the same as the 
relative- position of the corresponding gene segments in the 
genome of said species . 
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8. 

human . 



n f naim 1 wherein said species is 
The transgene of Claim ± wucj. 



10 
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25 
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j; naim i wherein said transgene 
9. The transgene of Claim l wne* 

i. prearranged and capable o £ underpin, r^™^ of 
generate V region diversity, when introduced rnto a 
non-human transgenic animal. 

10 An isolated immunoglobulin light-chain transgene 
„• ^ 1Pas t one variable gene segment, one 
comprising DNA encoding at least one 

fining gene segment, and one constant reg,o g ^ 

vivo to for* a rearranged gene encodxng a Irght charn 

polypeptide. 

An i-o,*,, 

, wherein the length of said transgene x less 

of the corresponding gencic D»* contaxnxng all of 

lUnts contained on said light-chain transgene. 

\-f naim ii wherein said at least 
12 The transgene of Claim 11 wnei. 

one varxa.e region gene ^^^T^ 
a first functional J-proximal variable gene 
species or said, individual. 

13 . The transgene of Claim 11 "^^T 
positions of said gene segments is the same as th r - ^ 
positions of the corresponding gene segments in 
said species or said individual. 

of -laim 9 wherein said species or 

14. The transgene of v-laim y « liei 

individual is human. 
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15 The transgene of Claim 10 wherein said transgene 
is unrearranged and capable of undergoing rearrangement to 
generate V region diversity, when introduced into a B-cell of a 
non-human transgenic animal. 

16 A transgenic non-human animal containing 
heterologous immunoglobulin heavy and light chain transgenes in 
the germline of said animal. 

17. The transgenic non-human animal of Claim 16 
wherein said heavy and said light chain transgenes are 
rearranged. 

18. The transgenic non-human animal of Claim 16 
15 wherein said heavy and said light chain transgenes are 

unrearranged . 

19 The transgenic non-human animal of Claim 16 
wherein one 'of said heavy and said light chain transgenes is 
rearranged and the other of said heavy and said light 
transgenes is unrearranged. 

20 The transgenic non-human animal of Claim 19 
wherein said heavy chain transgene is unrearranged and said 
light chain transgene is rearranged. 

21 The transgenic non-human animal of Claim 16 
wherein said transgenes are functionally rearranged in B-c.ll. 
of said animal. 

22. The transgenic non-human animal of Claim 21 
wherein said b-c.11. produce a heterologous antibody. 

23. The transgenic non-human animal of Claim 16 
wherein said heterologous heavy and light chain genes are 
human . 
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24 . The transgenic non-human animal of claim 16 
wherein said non-human animal is a rodent. 

,« > ^-sgenic non-human animal capable of 
ducino "a" heterologous antibody in at least one oil of sard 

t ransgene and an "lobulrn rght- ha n ran ^ ,^ ^ 
S aid heavy chain transgene compr e o ^ 

least one variable gen e 

segments of said heavy «iuu ^ .. heavv and 

tn DNA encoding immunoglobulin heavy 
5 ^om or corresponds to DNA en g cQnsisting of sa id 

light chain gene segments from a species 

• »i «r an individual of said species, 
non-human animal or an inaiviu 

i „* riaim 25 wherein said 
26. The transgenic animal of Claim 2* w 

;0 transgenic non-human animal is a rodent. 

27 The transgenic non-human animal of Claim 25 
herein said transgenes encode human antibody gene segments. 

28 The transgenic non-human animal of claim 25 

" wh erein at least one of the endogenous immunoglobulin loci of 
sai d transgenic animal is functionally disrupted. 

29 The transgenic non-human animal of Claim 28 

joining and constant gene segments. 

30 The transgenic non-human animal of Claim 29 
„herein .aid endogenous immunoglobulin gene segments are 
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joining region gene segments encoding said heavy and light 
immunoglobulin chains. 

31. The transgenic non-human animal of Claim 29 

5 wherein said disruption is by deletion of substantially all of 
said selected gene segments. 

32. The transgenic non-human animal of Claim 25 
wherein said heavy and said light chain transgenes are 

10 unrearranged. 

33. The transgenic non-human animal of Claim 25 
wherein said heavy and said light chain transgenes are 
rearranged. 

15 

34. The transgenic non-human animal of Claim 25 
wherein one of said heavy and said light chain transgenes is 
rearranged and the other of said heavy and said light chain 
transgenes is unrearranged. 

20 

35. The transgenic non-human animal of Claim 34 
wherein said heavy chain transgenes is unrearranged and said 
light chain transgenes is rearranged. 

25 36. A non-human B-cell derived from a transgenic non- 

human animal, said B-cell being capable of producing a 
heterologous antibody . 

37. The non-human B-cell of .Claim 36 wherein said B- 
30 cell contains a functionally rearranged heterologous heavy 

chain immunoglobulin transgene and a functionally rearranged 
heterologous light chain immunoglobulin transgene. 

38. The non-human B-cell of Claim 37 wherein each of 
35 said functionally rearranged heavy and light chain 

immunoglobulin transgenes are of human origin. 
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39. The non-human B-cell of Claim 36 wherein said 
B-cell does not produce a homologous antibody. 

40. A hybridoma comprising a myeloma cell fused to a 
5 non-human B-cell derived from a transgenic non-human animal, 

said hybridoma capable of producing a monoclonal antibody 
heterologous to said B-cell. 

41. The hybridoma of Claim 4 0 wherein genomic 

10 material of said hybridoma derived from said non-human B-cell 
contains a functionally rearranged heavy chain immunoglobulin 
transgene and a functionally rearranged light chain 
immunoglobulin transgene, each of said functionally rearranged 
transgenes being heterologous to said B-cell. 

15 

42. The hybridoma of Claim 41 wherein said transgenes 
are of human origin. 

43. The hybridoma of Claim 40 wherein said monoclonal 
2 0 antibody is a human antibody. 

44. The hybridoma of Claim 40 wherein said B-cell is 
of rodent origin. 

25 45. The hybridoma of Claim 40 wherein said myeloma 

cell is of murine origin. 

46. A method of producing a transgenic non-human 
animal wherein at least one of the endogenous immunoglobulin 
30 gene loci of said animal has been functionally disrupted, said 
method comprising the steps of; 

contacting at least one embryonic stem cell of a 
non-human animal with a transgene targeting the functional 
disruption of a family of gene segments encoding an endogenous 
35 heavy or light immunoglobulin chain, said family of gene 

segments being selected from the group consisting of functional 
endogenous diversity, joining and constant gene segment 
families; and 
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selecting at least one embryonic stem cell wherein 
said transgene has integrated into the genome of said non-human 
animal by homologous recombination. 

47. The method of Claim 46 wherein said transgene 
comprises a positive-negative selection vector. 



48. The method of Claim 46 wherein said functional 
disruption comprises the deletion of all or part of said family 

10 of gene segments. 

49. The method of Claim 48 wherein said deletion is 
of the family of joining gene segments. 

15 50. The method of Claim 4 6 wherein said functional 

disruption comprises the introduction of a transcription or 
translation stop sequence. 



51. The method of Claim 46 wherein said functional 
disruption is of a constant region gene segment. 



52. The method of Claim 51 wherein said gene segment 
is selected from the group consisting of the n heavy chain 
constant region gene segment, the k light chain constant region 

25 gene segment and the group of functional A light chain 
construct region gene segments. - 

53. A method for producing a heterologous antibody in 
a transgenic non-human animal having at least one B-cell 

30 containing at least one rearranged heterologous immunoglobulin 
heavy chain transgene and at least one rearranged heterologous 
immunoglobulin light chain transgene, said antibody being 
capable of binding an antigen, said method comprising the step 
of: 

35 contacting said transgenic animal with said antigen 

to induce the production of said heterologous antibody. 
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, , . - claim 53 wherein said contacting 
54. The method of Claim oj 
caU ses sciatic nation of at ieast one of said transgenes. 

^ , _ rl „4,» 5^ further comprising the 
cc; The method of Claim =>- • 

. step o £ — a, least one of the -ells 
ca id heterologous antibody to provide a source o 
said heterology heterologous antibody, 

antibody corresponding to said heteroiog 

56 T he method of Claim 55 wherein said immortalizing 
r«id B-cell with a myeloma cell line to form a 
10 is by fusion of said B-ceii 

hybridoma . 

57. * monoclonal antibody made according to the 
method of Claim 55. 

58 The monoclonal antibody of claim 57 wherein said 
heavy and light chain transgenes comprise human immunoglobulin 
gene segments and said antibody is a human anybody. 
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d 59 ;: r a^nCriL:;^r=o, 

T^lZ^T:^ one rearranged heterologous 

immunoglobulin heavy chain transgene a„ at leas 

rearranged heterologous i™ 1 **"^ 1 *^". o£ Jnding 

wherein said first heter ologous ant body is -P 

a first antigen and said heavy and light tr « 

of undergoing somatic mutation in respons to a Kno 

antigen to produce a second heterologous antibody, 

comprising the step of: least said 

contacting said transgenic animal with at 1 
first antigen to induce the somatic mutation of at least 
said heavy or light chain transgenes to produce a B-cel! 
caPabL of producing said first heterologous antibody. 

7£Z£ "-eld ,nown antigen to produce first 
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end second B-cells capable of producing said first and said 
second heterologous antibodies respectively. 

61 Tho method of Claim 59 further comprising the 
5 step of immortalize at least one of said B-cells producing 
!o first heterologous antibody to provide a source of 
Todral antibod/correspondin, *> said first heterologous 

antibody. 

The method of claim 61 wherein said i™""" 2 ^ 
is by fusion of said B -cell with a myeloma cell Ixne to form 
hybr idoma . 

63. A monoclonal antibody made according to the 
15 method of Claim 61. 

64 The monoclonal antibody of Claim 63 wherein said 
h eavy and light chain rearranged transgenes comprise human 
immunoglobulin gene segments and said antibody is a human 
20 antibody* 

65 . A method for producing a synthetic immunoglobulin 

, segment repertoire J— of immunoglobulin V 

25 segment DNAS , each of said V segment DNAs encoding an 

i^no^im V segment and containing at each end a i st 
cleavage recognition site of a first restriction endonuclease. 

and 
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(b ) concatenating said population of 
immunoglobulin V segment DNAs to form a synthetic 
immunoglobulin V segment repertoire. 

66 The method of Claim 65 wherein said population of 
V segment DNAs is derived from genomic ON A and saic ^-rating 
is b^C* amplification using PI and P2 primers said Pi primer 
comprising a mixture of primers encoding, ^J ^J^Z, 
cleavage recognition site and sequences capable of h » Zing 
to one strand of the C-terminal portion of a multiply of 
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im munoglohulin V stents in saia genome DHA and „» » 

a mixture of primers encoding, from 5 
primer comprising a mixture uj. * nf 

Lid cleavage recognition site a„a seances ^ - 

hvhridizinc to the complementary strand of the N 

s Por^of'said multiplicity of i-.unogiohulin V stents in 

said genomic DNA. 

6V The method of Claim «» wherein said population of 
immunoglohuUn V segment »» i. -ived from —11 ~» «- 
. said r^JTZZZZZfU sin 9 la landed OKA 
£r om said mRHA with primer PI comprising a mixture ot pti*™ 
" from s , to said cleavage recognition site and 

5 cXrminal portion of a multiplicity of ~f °^ 
' segments in the genomic DNA from which said mEHA is 

transcribed, ^ ^ cDNA 

£r om said single stranded "J^^" 
2 0 mixture of primers encoding, from 5 to 3 ■ ^ 

of immunoglobulin V segments in said genomic DNA. 

68 . The method of Claim 67 wherein each of said 

— obulin V T ^i;^^^ — 
recognition site at one end of said V g» v 
different cleavage recognition site at the other en 

offlnent DNA and said method further comprises the step ° £ - 
segm ent double stranded cDNA using K > and P< 

ifflers said P3 primer comprising DNA encoding said first 

and sai d P4 p^s^ dna 

encoding said second cleavage recognition site. 



35 



69 The method of Claim 65 wherein said 
immunoglobulin V segments comprise ^ ^^ll 
signal sequence exon and -second exon of more than one 
inanunoglobulin V segment encoded by genomic DNA. 
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70. The method of Claim 65 wherein said population 
immunoglobulin V segment DNAs comprise DNA encoding the second 
exon of more than one immunoglobulin V segment encoded by 

5 genomic DNA, 

71. The method of Claim 70 wherein each of the 
members of said population is ligated into an expression vector 
to form an expression cassette comprising, in order, a second 

10 cleavage site of a second restriction endonuclease, an 

immunoglobulin promoter, an immunoglobulin secretion signal 
sequence, a third cleavage recognition site of a third 
restriction endonuclease, a recombination signal sequence and a 
fourth cleavage recognition site of a fourth restriction 

15 endonuclease, said ligation being into said third cleavage 

recognition site to form said expression cassette between said 
second and said fourth cleavage recognition site. 

72. The method of Claim 71 wherein said concatenation 
20 is of the expression cassette by digesting said expression 

vector with said second and said fourth restriction 
endonucleases . 

73. The synthetic V segment repertoire made according 
25 to the method of Claim 65. 

74. A method for producing an expressible V segment 
comprising the steps of: 

(a) generating at least one V segment DNA 

30 encoding the second exon of a V segment and containing at each 
end thereof a first cleavage recognition site of a first 
restriction endonuclease; and 

(b) ligating said V segment DNA into an 
expression vector, said expression vector comprising, in order, 

35 an immunoglobulin promoter, an immunoglobulin secretion signal 
sequence, a second cleavage recognition site of a second 
restriction endonuclease capable of ligating -said V segment DNA 
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wh en said vector is cleav.d with said second restriction 
endonuclease and a recombination sequence. 

75 . An immunoglobulin (Ig) heavy chain minilocus 
tra nsgene construct forced fro, a plurality of DNA fragments, 
the construct comprising DNA sequences that encode human 
TriaL <V), diversity (0), fining (J , and 
of a human Ig protein, which sequences are operably linked 
Insertion regulatory sequences and capable 
"rearrangement in vivo to produce a rearranged gene 
Incoalng a human heavy chain polypeptide; wherein each of at 
least three of the DNA fragments comprises: 
a v region sequence, 
a D region sequence, 
a J and constant region sequence, 
a D and J and constant region sequence, or 
a constant region sequence; 
wherein all of the Ig protein coding sequences are 
substantially homologous to human gene sequences. 
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76 The minilocus transgene construct of claim 75 
herein the minilocus transgene construct is about 75 H, in 

length . 

,7 The minilocus transgene construct of claim 75 
herein the constant region gene seguences encode t*> afferent 
immunoglobulin isotypes. 

78 The minilocus transgene construct of claim 77 
wherein the constant region gene sequences are capable of 
undergoing switch recombination. 

79 . The minilocus transgene construct of claim 77 
wherein the isotypes are mu and gamma. 

80 The minilocus transgene construct of claim 75 
wherein constant region gene sequences encode a heavy cha.r, 
gamma isotype. 



WO 92/03918 



122 



PCT/US91/06185 



81. The minilocus transgene construct of claim 75 
wherein the Ig coding sequences are from a single individual. 

5 82. An ig minilocus transgene construction of claim 

75 wherein the constant region sequence comprises a „ constant 
region 5- from a second constant region. 

83 An ig minilocus transgene construction of claim 
10 82, wherein the construct further comprises a switch donor 
region 5' from the n constant region and a switch acceptor 
region between the M constant region and the second constant 
region, which switch regions are operably linked to effect 
switching in vivo. 
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84. An ig minilocus transgene construction of claim 
83, wherein the switch donor region is a human „ switch region. 

85. An ig minilocus transgene construction of claim 
83, wherein the switch acceptor region is a human ^ switch 
region. 

86 An ig minilocus transgene construction of claim 
83, wherein the second constant region is a ^ constant regxon. 
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87. An immunoglobulin (Ig) light chain minilocus 
transgene construct formed from a plurality of DNA fragments, 
the construct comprising DNA sequences that encode human 
variable (V), joining (J) and constant regions of a human Ig 
protein, which sequences are operably linked to transcription 
regulating sequences and are capable of undergoing gene 
rearrangement in vivo to produce a rearranged gene encoding a 
human light chain polypeptide; wherein each of at least three 
of the DNA fragments comprises: 
35 a V region sequence, 

a J and constant region sequence, or 
a constant region sequence; 
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wherein all of the Ig protein coding sequences are 
^L-tUlly homologous to human gene sequences. 

... The IMlocu. transgene construct of d.l» .7 
Wherein the gene sequences are fro. a single ind^dual. 

89 The minilocus transgene construct of claim 87 
wherein the minilocus transgene construe, consists of ahout 

103 • 90 The minilocus transgene construct of claim 87 

' wherein one variahle gene is operahly joined to the ^n.ng 
gene sequence. 

91 The minilocus transgene construct of claim 87 
• the 'relative position of each region is the sa,e as 

5 wherein the relative Tiaht chain gene, 

that of a corresponding region in a germUne light 

92 a yeast artificial chromosome <YAC, containing an 

! ° joining ge ne sequence and a constant region sequence wh^a. 

v, la n f effecting rearrangement m vivo to io* 
capable of effecting encode s an immunoglobulin 

gene of the sequences, which gene enc . 

polypeptide. 

25 „ Th e YAC of claim 92 "herein the chromosome 

further comprises a diversity gene sequence. 

94 The YAC of claim 92 wherein the chroosome 

vivo. 

,5. The YAC of claim » "herein the gene sequences 
35 are from the same individual. 

Th e YAC-of-claim.9? wherein ^e inse« is about 



96. 

85 kb. 
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97. The YAC of claim 92 further comprising 
transcription regulatory sequences operably linked to the 
insert . 
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A method of producing a modified genome in a 
transgenic non-human mammal, the method comprising: 

condensing two yeast artificial chromosomes having 
overlapping sequences, which chromosomes together encode a 
functional immunoglobulin locus; and 

inserting the yeast artificial chromosomes into the 

mammal genome . 

99. The method of claim 98 wherein the yeast 
artificial chromosome is condensed with polyamines. 

100. The method of claim 98, wherein the inserting 
step is by trans feet ing or lipofecting. 

101. The method of claim 98 wherein the yeast 
artificial chromosome is integrated into the genome. 

102. A method of inactivating an endogenous 
immunoglobulin gene in a non-human mammal, the method 
comprising introducing into the genome of the mammal a DNA 
fragment comprising a nucleotide sequence homologous to the 
endogenous immunoglobulin gene, whereby the nucleotide fragment 
incorporates into the genome by homologous recombination and 
thereby disrupts the endogenous gene. 

103. The method of claim 102 wherein the step of 
introducing the DNA fragment into the genome is carried out by 
transforming an embryonic stem cell. 

104. The method of claim 102 wherein the disruption 
comprises deletion of joining gene segments. 
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105. The method of claim 102 wherein the disruption 
comprises deletion of an enhancer or of a kappa constant 
region. 

106. A non-human mammal produced by the method of 
claim 102. 



107. An isolated immunoglobulin chain minilocus 
transgene construct of claim 75 or 87, wherein the V region 

10 sequence comprises VH251. 

108. A transgenic non-human mammal capable of 
producing a rearranged human immunoglobulin and having an 
endogenous immunoglobulin gene with a heterologous nucleotide 

15 sequence insert. 

109. A mammal of claim 108 wherein the heterologous 
nucleotide sequence decreases expression of endogenous 
immunoglobulin polypeptides. 
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110. A mammal of claim 108 wherein the heterologous 
nucleotide sequence decreases expression of endogenous p. heavy 
chain polypeptides. 

111. A mammal of claim 108 wherein the heterologous 
nucleotide sequence decreases expression of endogenous light 
chain polypeptides. 

112. A mammal of claim 111 wherein the light chain 
30 polypeptides are kappa or lambda. 

113. A mammal of claim 108 wherein the heterologous 
nucleotide sequence introduces a transcription or translation 
stop sequence. 
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114. A mammal of claim 108 wherein the mammal is a 

mouse . 
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115. A mammal of claim 108 wherein the immunoglobulin 
is expressed from an immunoglobulin minilocus transgene 
construct having a variable gene segment, a joining gene 
segment,- and a constant region gene segment. 

5 

116. A mammal of claim 115 wherein the minilocus 
transgene construct is a heavy chain gene. 

117. A mammal of claim 108 comprising a rearranged 
10 immunoglobulin transgene construct. 

118. A mammal of claim 117 wherein the rearranged 
transgene construct encodes a kappa light chain. 



119. A mammal of claim 117 wherein the rearranged 
transgene construct encodes a heavy chain. 

120. A method for producing an immunoglobulin from a 
transgenic non-human mammal, the mammal having a rearranged 
immunoglobulin transgene construct that recognizes a selected 
antigen, the method comprising: 

immunizing the transgenic mammal with the selected 

antigen; and 

screening for B cells from the transgenic mammal that 
25 produce immunoglobulins that bind the selected antigen. 

121. The method of claim 120 wherein the step of 
screening includes immortalizing B cells isolated from the 
transgenic mammal . 
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122. An immortalized cell produced according to the 
method of claim 121, wherein the cell is a hybridoma formed by 
fusing the selected B cell with a myeloma cell. 



123. A monoclonal antibody produced by the hybridoma 
of claim 120. 
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124. A method according to claim 120, further 

C ° mPriSin ^^- transgenic animal with a second antigen 

r^ior to the screening step; and 

screening for B cells that produce immunoglobulins 

that bind the second antigen. 

125. The method of claim 120, wherein one of the 
antigens is a human immunoglobulin. 

126. The method of claim 120, wherein the mouse 
comprises T-cell receptor transgenes and one of the antigens is 
a human T-cell receptor. 

127. A transgenic mouse having a genome comprising: 
(i) a heavy chain human transgene comprising a 

a riiversitv qene sequence, a joining 
variable gene sequence, a diversity gen * ^ eT . ablv 
gene sequence, and two constant region sequences operably 
linked to a switch donor sequence and a switch acceptor 
20 sequence; ^ transgene comprising a 

variable gene sequence, a joining gene sequence and a constant 
gene sequence; sequences ope rably 

linked to each transgene; wherein the gene sequence. . and 
regulatory sequences effect production of developmental^ 
regulated diversity in vivo to form a plurality of human 
immunoglobul ins • 

128. The transgenic mouse of claim 127 which produces 
about a mg of human immunoglobulins per ml serum 

129. The transgenic mouse of claim 127 wherein greater 
than about 10% of the human immunoglobulins are igG. 

130 . A transgenic mouse of claim 127 wherein the human 
' immunoglobulins exhibit an affinity for preselected antigens of. 

greater than about lO^M" 1 . 
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131 The transgenic mouse of claim 127 which mounts an 
immune response when immunized against foreign antigens whxch 

response comprises producing human, xnro globulxns t 
are capable of binding to at least about 10% of antxgens bound 
by endogenous immunoglobulins of a non-transgenic mouse 
immunized with the antigens. 

132 The transgenic mouse of claim 131 which is 
capable of producing greater than about 1000 different human 
immunoglobulins . 

133 The transgenic mouse of claim 131 which- is 
capable cf producing greater than about 1000 different human 

15 IgG immunoglobulins. 

134 A method of producing human immunoglobulins 
comprising immortalizing B cells from a transgenic mouse of 
claim 131 immunized with an antigen; and growxng selected 

20 immortalized B-cells secreting immunoglobulins reacts wxth 
the antigen- 

135 A human immunoglobulin (Ig) produced according to 
claim 134 which ig is isolated with respect to human protexns 
natively associated with human immunoglobulins. 

136. A human immunoglobulin of claim 135 which has an 
affinity for the antigen of greater than lO'V 1 . 

137 A transgenic mouse having a genome comprising a 
hU man immunoglobulin heavy chain minilocus t~nsgene the ^ 
transgene being capable of rearrangement and swxtchxng xn 
mouse, whereby two or more rearranged human heavy chaxn 
isotypes are produced. 

138. The transgenic mouse of claim 137, wherein the 
isotypes are u and i . 
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139. An isolated human monoclonal antibody produced by 
a mouse of claim 137. 

14 0. A human immunoglobulin specifically reactive with 
5 a lymphoid cell subset. 

141. A human immunoglobulin of claim 140, wherein the 
subset is a human T-cell subset. 

142. A human immunoglobulin of claim 141, wherein the 
subset is autoreactive T-cells. 

143. A plasmid vector useful in cloning immunoglobulin 
DNA fragments, the vector comprising 

(i) an origin of replication; 
(ii) a copy control region; 
( iii) a cloning site flanked by rare restriction 

enzyme sites; 

(i v) a transcriptional terminator located 
20 downstream of a plasmid-derived promoter and upstream of the 
cloning site, whereby a transcript originating a. the promote, 
is terminated upstream of the cloning site. 

144. A vector according to claim 143, wherein the rare 

arp selected from NotI, Sfil, and 
25 restriction enzyme sites are seiectea 

Pad . 

145 A vector according to claim 143, selected from 
th. group consisting of pGPlb, pGPlc, pGPld, pGPlf and P GPe. 

14 6. A composition consisting essentially of a human 
rearranged gene fragment isolated from a B cell developed 

within a transgenic mouse of claim 16, 25, 108. 127, or 137. 

147. A method for producing a human immunoglobulin 
from a transgenic rodent, the rodent having a genome 
germline copies of human heavy and light chain immunoglobulin 
transgenes, the method comprising: 
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immunizing the rodent with an antigen; and 
screening for B cells from the rodent that produce 
immunoglobulins that bind the antigen. 

148. The method of claim 147, wherein the light chain 
transgene is rearranged in the germline. 

149. The method of claim 148, wherein the heavy chain 
transgene is unrearranged in the rodent germline. 

150. An isolated human immunoglobulin produced 
according to the method of claims 40, 53, 59, 120, or 147. 
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